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ROOF FRAMING DESIGN ............................................................................................




















     Journeyman International is a non-profit organization who partners with students
and professionals to provide architectural design, architectural engineering, and
construction management work for developing countries in order to combat poverty
and ecological destruction on a global scale. The Salvation Academy for
Disadvantaged Children is sponsored by Journeyman International and a private
client to provide a school campus with a safe and productive environment for children
and staff with disabilities. The campus is equipped with classrooms, outdoor
gymnasiums, residences for both students and faculty, as well as computer labs and
conference areas. The site is located in the Western Area of Freetown, Sierra Leone,
on sandy gravel soil and consistently flat ground for the structure to reside one. This
report will primarily focus on the structural design of the staff quarters building by
going into great detail of the primary gravity and lateral systems. It will also discuss
the global and environmental impacts and considerations that were taken and
incorporated into this design.
     The Salvation Academy for Disadvantaged Children is an elementary school
campus for students and faculty with disabilities. This report highlights the structural
engineering efforts from architectural engineering student Emma Lambert as she
worked in partnership with Journeyman International (JI) an organization dedicated to
fostering design projects for developing countries in an effort to combat poverty and
ecological decline on a global scale. The site in question is
located in the Western Area, of Freetown, Sierra Leone in
 a secluded area away from many of the major
developments of the city. The primary beneficiary of this
structure will be the children of Sierra Leone Action for the 
Disadvantaged (SLAD). Sierra Leone currently has
approximately 2,500 children whom are disadvantaged due to widespread poverty
and illiteracy. These factors greatly increase cyclical patterns of children growing up in
poverty. Therefore, the mission for this project is to provide a primary school campus
that is completely accessible for children and staff with disabilities at a low cost or free
to families in the surrounding area. The building will consist of ten classrooms, a
computer lab, a dining hall, reception area, daycare, staff rooms and quarters, along
with dormitories for the students and a conference hall. This report will focus on the
structural engineering behind the staff quarters building along with social and
environmental impacts that will occur as a result of the construction of this structure.
Due to the lack of building code in Sierra Leone all calculations for this building were
designed in accordance with the International Building Code along with any material




[Fig.1 Location on a Map]
     Throughout the design process of this project there were various impacts
considered including: global, cultural, social, environmental, and economic impacts
that were influences by the project, beneficiaries, and Journeyman International.
     The Salvation Academy for Disadvantaged Children will have a large impact from
a global perspective. According to the United Nations, Sierra Leone is categorized as
a "least developed country," which is a tier below the developing country status. Due
to this categorization the SLAD team is combating the very issue at hand by targeting
beneficiaries who have a form of disability that is most commonly induced by poverty.
Due to the history of illiteracy that runs within the families
 of Sierra Leone poverty becomes a cyclical pattern. 
Therefore, by providing children with low cost or free
education this school will directly impact the youth of 
tomorrow and aid in ending this cycle. It will also provide
jobs as the faculty and staff roles will need to be fulfilled.
     Due to the nature of this building consisting of an 
educational facility it will have great cultural implications on the Freetown community.
By serving as a school it will be able to foster the culture and beauty that comes from
Freetown by teaching perseverance and strength that Sierra Leone has exhibited
throughout its history including the battle against the colonization from Nova Scotian
settlers. The building was also design for forces that comply with it being considered
an evacuation site and therefore, can be seen as safe space in time of disaster for the
community. By categorizing this building as an evacuation site under Risk Category IV




[Fig. 2 SLAD Beneficiaries]
of the new building.
     Since the Salvation Academy for Disadvantaged Youth is focused on providing
education to students who are disadvantaged it will aid in shifting social views in
Sierra Leone upon those who are in varying stages of poverty and as a result
disability. The design of the structure has taken careful thought into creating an
accessible environment for those with disabilities. All the buildings on the campus are
either one story or are two stories and are equipped with elevators, ramps, and
stairwells. Outdoor play areas are enclosed by other buildings and far removed from
cars and access points to keep the children safe from oncoming traffic. Lastly, each
building is designed to emulate the tranquility of the outdoors while keeping in mind
that rooms shall not be overly lit or acoustically designed so as to prevent over
stimulation of the students and faculty working there.
These are just a few of the many manners in which accessibility was considered




[Fig. 3 Campus Layout Rendering by Anita Wesonga]
the design team was able to create a new narrative for disadvantaged and disabled
youth in Sierra Leone from "a person with disabilities" to a person who is "differently
abled." This will create a social change and view in Freetown by displaying that
civilians with disabilities can be similarly capable to that of their peers without
disabilities when given equal opportunity to succeed. By fostering a narrative of
helping those in poverty and attempting to break the cycle of it the SLAD team has
been able to "rewrite" what poverty emulates in present day Sierra Leone.
     All buildings are designed with a focus on the surrounding environment and
sustainable practices. The architect made use of a sustainable design approach in
order to maximize natural lighting , ventilation, energy efficiency, along with
connections to the surrounding outdoor environment as seen in Fig. 4. Due to the 
tropical environment of Freetown heavy insulation using recycled newspaper will be




[Fig. 4 Staff Quarters Rendering by Anita Wesonga]
Lastly, all concrete structural elements will be made using recycled aggregate to
decrease the amount of waste used on the construction site. With these
environmental considerations in mind the design team was able to create a productive
and comfortable learning setting for the students and faculty.
     Economic considerations were of great importance to the design team throughout
this process. When determining the lateral force resisting system there were a few
options available, however the governing result was the most cost effective for the
community. A reinforced concrete wall with a brick facade was considered for this
design, however, was ultimately deemed to costly due to the vast amount of concrete
used in the structure. Therefore, the structural engineering student decided to move
forward with a confined masonry wall system which would drastically decrease the
amount of reinforcement and concrete used within the lateral force resisting system. 




[Fig. 5 Staff Quarters Rendering by Anita Wesonga]
     The conventional Journeyman International project consists of an interdisciplinary
team of California Polytechnic State University, San Luis Obispo (Cal Poly SLO)
fourth year students of the disciplines, construction management, architecture, and
architectural engineering. However, this project was more unconventional due to the
architectural engineering student being the only person from Cal Poly SLO. The
remainder of the team was based in various parts Africa. The architect, Anita
Wesonga, is a masters student located in Kenya, the construction managers, Joanna
Nsenga and Carly Altoff are both residing in Rwanda and the architectural engineer
Emma Lambert is from California. Therefore, at the beginning of this project it posed
some difficulty due to the varying time zones when it came to scheduling meetings
and conference calls. However, this allowed for Emma Lambert to raise her personal
strengths of communication to meet that of the others working on the team. The team
made great use of the phone application "whats app" in order to maintain an open
communication and dialogue. In order to supplement the shorter periods of time spent
on video call emails were being sent back and forth continuously to ensure all team
members were on the same page. The team also took advantage of the varying time
zones. Emma became aware that if she asked a question to any other member on the
team prior to nightfall of that day she would receive an answer overnight. This allowed
the team to work together harmoniously in order to provide a great result for the client.
All team meetings and conversations also included the client in order to accommodate




     Throughout this project I learned the importance of communication and how vital it
is in order to create a successful result. Working alongside masters students and
industry professionals allowed me to rise to the occasion and push myself to greater
lengths of personal growth. The varying times zones posed great difficulty in the
beginning, however, was resolved throughout proper planning and communicating
through other platforms besides email and video call. 
     Another hurdle I faced was the grave irregularity of the building. In our typical
classes the buildings are typically rectangular in shape and do not have great
variance in weight distribution. Therefore, when presented with a building with a large
amount of reentrant corners and discontinuous collector lines. I was taken aback as
how to solve these problems. However, after doing research of existing buildings with
reentrant corners and discontinuous collector lines I found some possible solutions.
These answers were solidified after discussing further with my senior project advisor
James Mwangi. 
     The design of trusses was also a new addition for me as I had only analyzed
trusses previously. Therefore, when it came to designing them out of dimensional
lumber I did hit a road block due to their being no strength properties available in
Sierra Leone. This led me to do research into available trade routes in Sierra Leone
and along its neighboring countries Ghana and Nigeria due to their similar climates
and wooded regions. I discovered there was a tremendous amount of crossover
between these countries and was put into contact with another faculty member at Cal
Poly SLO who lived in Ghana for many years. However, when this contact fell short I
began to search deeper into the National Design Specification for Wood Construction
Supplement and discovered a non-western wood species table. In this table Montane
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Pine had strength properties available and was commonly found in South Africa. After
researching manners to equate plant species I was able to draw comparison between
it and the native species to Freetown, Plum Tik.
     The last hurdle I faced through this process was designing the lateral system. I
was not entirely certain how to deal with the combination of both rigid and flexible
diaphragms, however, after searching through the remaining work in my design labs I
was able to figure out an efficient manner in obtaining my seismic forces. This
resulted in me building an entire ETABS model of the building in question. I also was
unfamiliar with confined masonry walls and how they differed from reinforced concrete
moment frames. Therefore, I found Youtube videos that would aid me in my
understanding of the design and efficiency behind this system. After collecting my
knowledge from these videos and reading research papers on the differences
between both systems I was able to learn on my own how to design these walls. 
     Overall, this project taught me how to effectively work in a team and to be
confident in my own work and competency. It allowed me to grow as an engineer and
learn what work is like in the professional field beyond standard schooling.
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GENERAL REQUIREMENTS
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PREPARED BY: EMMA LAMBERT
DATE:
REFERENCES: PROJECT DESCRIPTION:
THIS PROJECT WILL PROVIDE LIVELIHOOD AND EDUCATIONAL OPPORTUNITIES TO CHILDREN
LIVING IN DISADVANTAGED COMMUNITIES IN SIERRA LEONE. THIS TWO-STORY BUILDING
WILL SERVE AS THE STAFF QUARTERS WHILE TAKING CAREFUL THOUGHT INTO ACCOUNT
WHEN CONSIDERING ACCESSIBILITY TO DISABLED STAFF. THE MAIN GRAVITY SYSTEM WILL
CONSIST OF REINFORCED CONCRETE COLUMNS, BEAMS, AND SLABS. THE ROOF GRAVITY
SYSTEM WILL BE COMPRISED OF TIMBER STRUSSES WITH STEEL DECKING. THE LATERAL
SYSTEM CONSISTS OF CONFINED MASONRY IN WHICH THE COLUMNS WILL RESIST
FLEXURAL LOADING OF BOTH EARTHQUAKE AND WIND FORCES.
DESIGN CRITERIA:
BUILDING TYPE: TYPE R-2: RESIDENTIAL BUILDING, LIVE/WORK UNITSIBC 2018 310.3
DESIGN CODE: IBC 2018
WIND CRITERIA: BASIC WIND SPEED= 180 MPH




MATERIAL SPECIFICATIONS (TYPICAL, UNLESS NOTED OTHERWISE):
CONCRETE: DESIGNED IN ACCORDANCE WITH ACI 318-19
MATERIAL AND WORKMANSHIP PER 318-19
MATERIAL SPECIFICATIONS, TYP. UNO
          SLAB
          COLUMNS
          OTHER STRUCTURAL ELEMENTS
REINFORCING
STEEL:
DESIGNED IN ACCORDANCE WITH ACI 318-19
MATERIAL SPECIFICATIONS, TYP. UNO
REINFORCING STEEL PER
          ASTM A615M GRADE 60
          ASTM A615M GRADE 40 
WELDING REINFORCING STEEL PER
          ASTM A706M
     
BRICK: DESIGNED IN ACCORDANCE WITH INTERNATIONAL
BUILDING CODE 2018
MATERIAL SPECIFICATIONS, TYP. UNO
          CONFINED MASONRY WALLS
GENERAL
REQUIREMENTS 5/12/21 G1
F'c=3000 PSI (20,684 kPA)
F'c=3000 PSI (20,684 kPA)
F'c=3000 PSI (20,684 kPA)
TIMBER: DESIGNED IN ACCORDANCE WITH NATIONAL DESIGN
SPECIFICATION FOR WOOD CONSTRUCTION 2018 
MATERIALS AND SPECIFICATIONS, TYP. UNO, MEMBERS DESIGNED
WITH
          TRUSS WEB MEMBERS
          TRUSS CHORDS
FOUNDATION: ASSUME SITE CLASS D (DEFAULT)
ASSUMED ALLOWABLE SOIL BEARING PRESSURE = 5000 PSF
NOTE: 1/3 ALLOWABLE INCREASE FOR WIND AND SEISMIC
SITE CRITERIA: SITE CLASS D DEFAULT (SAND/ROCK GRAVEL AND
IS PRONE TO MOISTURE INFILTRATING SOIL)
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PREPARED BY: EMMA LAMBERT
DATE:
LIVE LOAD LOADING DIAGRAM
LATERAL FORCE DISTRIBUTION 5/7/2021 W1
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PREPARED BY: EMMA LAMBERT
DATE:












Slab Joists Girders Columns Seismic
PSF PSF PSF PSF PSF
75 75 75 75 75




75 95 105 110 115
2 2 2 2 2
4 4 4 4 4
3 3 3 3 3
6 6 4 4 4
90 110 118 123 128
Partitions (psf) 10
90 110 118 123 138
95 110 120 125 155
80 PSF




• Note the slab thickness has been subtracted from the overall beam and girder depth 
4) 12" x 12" column load = [(12"*12"/144)*150PCF*(10.8ft-1.5ft)]/(16.7ftx16.4ft) = 5 PSF
• Note the girder depth has been subtracted from the overall column height 
• Note the lateral system is typically estimated and an allowance for concrete is aprox 15-
20 PSF
6) for seismic design, the ASCE 7 prescribed minimum partition load is 10 PSF
5) 8" brick walls = [(4 walls) * (8"/12)(10ft)*80PCF*(10.8ft-1.5ft)]/4707.82ft²
FLOOR FRAMING INFORMATION: 
floor slab thickness = 
1)  6" slab load = [(6"/12) * 150PCF] = 75 PSF 
2) 10" wide x 18" deep beam load = [(18"-5")*10"/144]*150PCF/8.2ft = 16.5 PSF
3) 12" wide x 18" deep girder load = [(18"-5")*12"/144]*150PCF/20.34ft = 8 PSF
floor girder depth = 
floor girder spacing =
floor joist spacing = 
floor girder width = 
floor joist width = 
floor joist depth = 
TYPICAL FLOOR DEAD LOAD 
Materials
bay spacing = 
story height = 
column width = 







Lateral Frame: 8" Brick Walls
balcony = 
exterior patio = 
residential unit = 
corridors = 
Recommended Design Floor DL
Live Loads per IBC Section 1607 / ASCE 7-16 Chapter 4
Floor Finishes
Miscellaneous
Total Floor Dead Load (psf)
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PREPARED BY: EMMA LAMBERT
DATE:
LOAD TAKEOFF 6/5/21 W3
LOAD TAKEOFF
Slab Joists Girders Columns Seismic
PSF PSF PSF PSF PSF
75 75 75 75 75




75 95 105 110 115
2 2 2 2 2
4 4 4 4 4
MEP 3 3 3 3 3
6 6 4 4 4
90 110 118 123 128
Partitions (psf) 10
90 110 118 123 138
95 110 120 125 170
80 PSF




• Note the slab thickness has been subtracted from the overall beam and girder depth 
6) for seismic design, the ASCE 7 prescribed minimum partition load is 10 PSF
• Note the lateral system is typically estimated and an allowance for concrete is aprox 15-
Total Design Floor Dead Load









Lateral Frame: 8" Brick Walls
Floor Finishes
Miscellaneous
Total Floor Dead Load (psf)
Recommended Design Floor DL
Live Loads per IBC Section 1607 / ASCE 7-16 Chapter 4
corridors = 
residential unit = 
5) 8" brick walls = [(4 walls) * (8"/12)(10ft)*80PCF*(10.8ft-1.5ft)]/4707.82ft²
balcony = 
exterior patio = 
1)  5" slab load = [(5"/12) * 150PCF] = 62.5 PSF
2) 10" wide x 18" deep beam load = [(18"-5")*10"/144]*150PCF/8.2ft = 16.5 PSF
3) 12" wide x 18" deep girder load = [(18"-5")*12"/144]*150PCF/20.34ft = 8 PSF
4) 12" x 12" column load = [(12"*12"/144)*150PCF*(10.8ft-1.5ft)]/(16.7ftx16.4ft) = 5 PSF
• Note the girder depth has been subtracted from the overall column height 
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PREPARED BY: EMMA LAMBERT
DATE:
LOAD TAKEOFF 6/5/21 W4
LOAD TAKEOFF
1.1
Decking Trusses Beams Columns Seismic
PSF PSF PSF PSF PSF
2.8 2.8 2.8 2.8 2.8




Total Structural Weight 2.8 32.8 52.8 57.8 62.8
1.5 1.5 1.5 1.5 1.5
Miscellaneous 3 3 3 3 3
7.3 37.3 57.3 62.3 67.3
Partitions (psf) 5
Total Design Roof Dead Load 7.3 37.3 57.3 62.3 72.3
10 40 60 65 70
20 PSF
Notes: 
• Note the slab thickness has been subtracted from the overall beam and girder depth 
5) 8" brick walls = [(4 walls) * (8"/12)(10ft)*80PCF*(10.8ft-1.5ft)]/4707.82ft²
• Note the lateral system is typically estimated and an allowance for concrete is aprox 15-
6) for seismic design, the ASCE 7 prescribed minimum partition load is 10 PSF
1)  5" slab load = [(5"/12) * 150PCF] = 62.5 PSF
2) 10" wide x 18" deep beam load = [(18"-5")*10"/144]*150PCF/8.2ft = 16.5 PSF
3) 12" wide x 18" deep girder load = [(18"-5")*12"/144]*150PCF/20.34ft = 8 PSF
4) 12" x 12" column load = [(12"*12"/144)*150PCF*(10.8ft-1.5ft)]/(16.7ftx16.4ft) = 5 PSF
• Note the girder depth has been subtracted from the overall column height 
Live Loads per IBC Section 1607 / ASCE 7-16 Chapter 4
roof = 
Slope Factor=
TYPICAL ROOF DEAD LOAD 









Total Roof Dead Load (psf)
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BUILDING WEIGHTS PER LEVEL
ITEM Trib Width (ft) Length (ft) Opening (ft
2
) Area Net (ft
2
) Weight (PSF) Area x Weight (k)
Shear Walls 10 137 0 1383 5 7
Typ Floor 0 4708 155 730
737
ITEM Trib Width (ft) Length (ft) Opening (ft
2
) Area Net (ft
2
) Weight (PSF) Area x Weight (k)
Shear Walls 5 137 0 675 5 3
Typ Floor 0 5884 70 412
415
Irregular Shape
Weight Roof (k) = 
2ND FLOOR WEIGHT
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GRAVITY FRAMING KEY PLAN 6/5/21 W3
GRAVITY FRAMING KEY PLAN


















































15 CM NORMAL 
WEIGHT CONCRETE 
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ALL LOADS + SELF - WEIGHT ARE ACCOUNTED FOR IN ETABS MODEL TO ACCOUNT FOR
MOMENT REDISTRIBUTION , ASSUME NO PATTERN LOADING DUE TO THE SMALL SCALE OF THE STRUCTURE
NO LIVE LOAD REDUCTION ACCOUNTED FOR
IBC 2018 LOAD COMBINATION : 1. ZDT I -6L EQ / 6- 2
§ 1605.2
MOMENT DIAGRAM : BEAM LINE F






CRITICAL MOMENTS PULLED FROM E- TABS
MMAX AT MIDSPAN
MMAX = 8.8752k - FT
MMAX AT SUPPORT
MMAX = 14.428 K - FT
ASSUME AN 18
' ' ✗ 10
' ' ROOF BEAM BASED ON PRELIMINARY FRAMING
ESTIMATE STEEL REINFORCEMENT
Ac , zig - ta Ast = Mu = 9.8752K
- FT( 12 " / 1 ' )
= . 205 INZ TRY 3 # 4 BARS As = . 6 INZ 7.21N
?





14.428 K - FT( 12 ' ' / 1 ' ) = . 345 INZ TRY 3 # 4 BARS AS = . 61m27 - 3451N >
i. 20.5.1.3 - l ① fyjd -9140KSi ) 1.9) 115.5 " )
R1
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ROOF BEAM 1 CONTINUED
CHECK FLEXURAL CAPACITY






" ) = 46 "
10
' 't 506.17
' ' / 2 = 263 '
'
10 ''t 216.53 " / 12=28 " < GOVERNS
POSITIVE MOMENT
at = Asfy = • 61N 2 ( 40KSi ) = -3361N .
<85flcb.GS ( 3KSi)( 28 " )
① Mn = ① ( Asfy / d- a / 2) = -91.61N> ( 4OKSi ) / 15.5 " - -336 "/2 ) ) (1211/11)=27.SK- FT
① Mn > My = 27.5K - FT 7 8.87K - FT OKAY FOR FLEXURAL CAPACITY AT MIDSPAN
NEGATIVE MOMENT
a-= Asfy = . 6 INZ 140 Ksi )
= .gg
' '
•GSflcb.GS (3KSi)( 10 ' ' )
Mn = ① ( Asfy ( d- a / z )) i. 91.61N 2140 Ksi ) ( 15.5 " - . 94 " / Z ) ) (1211/11)=27 K - FT
① Mn > My -_ 14.428K
- FT OKAY FOR FLEXURAL CAPACITY AT MIDSPAN
USE 3 # 4 BARS TOP AND BOTTOM FOR FLEXURAL REINFORCEMENT
CHECK SHEAR CAPACITY




Vymax = 4.948K [ PULLED FROM E- TABS]
SMA ✗ =D /2--15.5 '
'
2=7.75 " USE 6 ' ' O.C. 115cm O.C.
R2
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TRY # 3 STIRRUPS ( 2 LEGGED)





1000lb / 1 KIP
6 " -
① Vn= 44.4K Vy = 5K OKAY FOR SHEAR DCR : 11 -1 .
USE # 3.TIES @ 20cm O.C. FOR CONFINEMENT OF LONGITUDINAL REINFORCEMENT
DEFLECTION CHECK ASSUME SIMPLY SUPPORTED FOR CONSERVATISM
MINIMUM h= l 16=18.041.12" / 1
'




OKAY NO NEED TO CHECK DEFLECTION
fy=4OKsi
FINAL SKETCHES













REINF . u REINF . u
* ¥
° ° of o o
+
3 # 4 BARS 3 # 4 BARS
+
✗ X X X
25 CM 25 CM
BEAM SECTION @ MIDSPAN BEAM SECTION @ SUPPORT
NTS NTS
R3
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WORST CASE TRUSS IS SELECTED BASED ON SPAN AND LOADING
TRUSS DEPTH APPROXIAMATION
SHAPED TRUSS APPROX /AMATE DEPTH
>
DEPTH = 50
' 8--6.25 ' < 10
'







✗ ✗ ✗ ✗ ✗
2.51M 2.51m 2.51m
✗
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SEE LOAD DL= 40 PSF [ SEE DEAD TO TRUSSES]
TAKEOFF IN
APPENDIX 'LL __ ZOPSF NO LL REDUCTION DUE TO 2 :| RATIO OF DEAD T LIVE LOAD
WD= 1.2140 PSF ) ( 3.2808
' / = 157.5 PLF
FACTOR DL TRIB WIDTH
IM = 3.28 '
WL= 1.6120 PSF ) (3.2808 ' ) = 105 PLF
FACTOR LL TRIB WIDTH
IM = 3.28 '
LOADING DIAGRAM
DISTRIBUTED LOADING
✓ v v v r ~ - u n -
WL= IOSPLF
v v v v v ~ - ~ ~ -
W D= 157.5 PLF
X X
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ALL MEMBERS ARE WEIGHTLESS
UN FACTORED DEAD LOADING
UN FACTORED LIVE LOADING
MATH CHECK
R = WL / z = ( IOSDLFT 157-5 PLF )( 49.4
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TIMBER STRENGTH PROPERTIES AND SELECTION
THE DOMESTIC THE MAIN SOURCE OF TIMBER FOR BOARD PRODUCTION IN FREETOWN , SIERRA LEONE IS KNOWN AS THE
TRADE IN TIMBER
GMELIN A ARBOREA SPECIES ALSO KNOWN AS PLUM TIK IN KRIO . OTHER SPECIES IN THE SIERRA LEONE
REGION IS BEILSCHMIEDIA MANN 11 AN EVERGREEN SPECIES
.
THE NDS SPECIES OF MONTANE DINE LISTED
NDS 2018 IN NDS SUPPLEMENT OF TABLE 4F REFERENCE VALUES FOR NON - NORTH AMERICAN LUMBER , IS AN
SUPPLEMENT








i. USE MONTANE PINE STRENGTH PROPERTIES FOR TRUSS DESIGN
ASSUME CHORDS TAKE MOMENT AND WEB MEMBERS TAKE SHEAR








WORST CASE TENSION AXIAL
IN CHORDS
REFERENCE DESIGN VALUES MONTANE PINE - SOUTH AFRICA NO -1
NDS 2018 Fb= 650 PSI
SUPPLEMENT
TABLE 4F Ft -_ 300 PSI
PP. 58
Fc = 950 PSI
f- v= 135ps /
EMIN = 400,000 PSI
CHORD DESIGN
DESIGN BOTTOM CHORD FOR TENSION
f-
'
1- = FT ' CD - Cm - CT - CF - CI
MODIFICATION FACTORS
NDS § 2.3.2 ( D= 1.6 WIND / EARTHQUAKE
NDS Of 4.1.4 Cm = 1. O
NDS Of 2.3.3 Ct = I -0 AVERAGE TEMP IN FREETOWN , SIERRA LEONE IS 81°F . : < 100°F
NDS Of 4.3.6 CF = 1.0 ASSUME 1.0 FOR CONSERVATISM
NDS § 4.3.8 [ III. 0
i. F' 1- = 300 PSI . 1.6.1.0 = 480ps /
R7
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SOLVE FOR REQUIRED AREA
A =P /Fip
= 11.657K (SAP 2000)
A- = 11,657lb 480ps/ = 24.3 INZ
NDSSUPP . TRY A 6×6 A = 30.251N 2 .: CF : 1.3
T.IBPP.la
F 'T ADJUSTED = 480ps / ( 1. 3) = 624 PSI
f- + =P / A = 111657lb 30.251N 2=385.4 PSI C F 't
= 624ps ' OKAY FOR TENSION D / C. = 62.1.
USE A 6×6 MONTANE DINE OF NO . / GRADE
DESIGNTOPCHORDFORCOMPRESStfr-lc-FC.co
- Cm - Ct - CF - CI - Cp
MODIFICATION FACTORS
NDS § 2.3.2 ( ☐ = 1.6 WIND / EARTHQUAKE
NDS Of 4.1.4 Cm = . 91 ASSUME FOR CONSERVATISM
NDS Of 2.3.3 Ct= I -0 AVERAGE TEMP IN FREETOWN , SIERRA LEONE IS 81°F . : < 100°F
NDS § 4.3.6 CF = 1.0 ASSUME 1.0 FOR CONSERVATISM
NDS § 4.3.8 [ III. 0
Fc # = f- c. CD.cm - Ct -CF -CI = 950ps / ( 1. 6. • 91 ) : 1383.2 PSI
SOLVE FOR REQUIRED AREA
A =P / Fc #
D= 12.425K
A = 12.425K - (1000lb / IKIP) 1383.2ps 1=8.98 INZ






F'C ADJUSTED MUST BE CALCULATED
cp COLUMN STABILITY FACTOR






Fc # = 950ps 1.1.6 . -91 : 1383.2 PSI
NDS 3.7.1 FCE = 0.822 EMIN
'
= -822 ( 564000 Pst ) = 997.4
( ie / d)
2 300
ASSUME TO BE 1
EMIN
'
= Emin . CM-ct.ci - IT = 400,000 PSI C. 911=364000PSI
( Ie / d)2=48.66
'
-12 ' ' / 1 ' ) 2=300
5. 5
"
( = . 8 ( SAWN LUMBER )
i. ( D= -569=-6
CF
f- ' C ADJUSTED = 950 PSI - 1.6 ' 1.1 . -91 i. 6 = 912.9 PSI
R8
PROJECT: SALVATION ACADEMY SCHOOL FOR











fc =P / A = 12,425lb / 30.251N 2=410.7 PSI < F' CADJ. = 912 PSI OKAY FOR COMPRESSION DCR -- 45%
USE A 6×6 MONTANE DINE OF NO . / GRADE
DESIGN VERTICAL WEB MEMBERS FOR TENSION
f-
'
1- = FT ' CD - Cm - CT . CF - CI
MODIFICATION FACTORS
NDS § 2.3.2 ( D= 1.6 WIND / EARTHQUAKE
NDS Of 4.1.4 Cm = 1. O
NDS Of 2.3.3 Ct = I -0 AVERAGE TEMP IN FREETOWN , SIERRA LEONE IS 81°F . : < 100°F
NDS Of 4.3.6 CF = 1.0 ASSUME 1.0 FOR CONSERVATISM
NDS § 4.3.8 [ III. 0
i. F' 1- = 300 PSI . 1.6.1.0 = 480ps /
SOLVE FOR REQUIRED AREA
A =P / Fi
D= 3.91K = 3910lb
A = 3910lb 480ps 1--8.15 INZ
TRY A 2×6 A- = 8.251N
2
i. CF = 1.3
F 'T ADJUSTED = 480 PSI ( 1.3) = 624 PSI
f- + =P /A = 3910lb 8.251N 2=474 PSI F' 1- = 624 PSI OKAY FOR TENSION DCR 76%
USE A 2×6 MONTANE DINE OF NO . / GRADE
DESIGN OF DIAGONAL WEB MEMBERS FOR COMPRESSION
f- ' C = FC ' CD - Cm - Ct - CF - CI - Cp
MODIFICATION FACTORS
( D= 1.6 WIND / EARTHQUAKE
Cm = . 91 ASSUME FOR CONSERVATISM
Ct= I -0 AVERAGE TEMP IN FREETOWN , SIERRA LEONE IS 81°F . : < 100°F
CF = 1.0 ASSUME 1.0 FOR CONSERVATISM
[ III. 0
Fc # = f- c. CD.cm - Ct -CF -CI = 950 PSI ( 1. 6. • 91 ) : 1383.2 PSI
SOLVE FOR REQUIRED AREA
A =P / Fc #
D= 2.914K = 21914lb
A = 2,914lb 1383.2ps/ = 2.106 /NZ
NDS SYPP . TRY A 2×6 A= 8.25 INZ i. CF = . 950ps / C. 8) = 760ps 17750 PSI
T. IB PP . 14 FOR CONTINUITY
R9
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F'C ADJUSTED MUST BE CALCULATED
cp COLUMN STABILITY FACTOR






Fc # = 950ps 1.1.6 . -8 : 1216 PSI
FCE = 0.822 EMIN
'
= -822 (320000 Pst ) = 501 Pst
( Ie / d)
2 525
ASSUME TO BE 1
EMIN
'
= Emin . cm-ct.ci - IT = 400,000 PSI ( -8 1=32 0000ps,
( le / d) 2=410-5
'
-12 ' ' / 1 ' ) 2=525
5. 5
"





f- ' C ADJUSTED = 950 PSI - 1.6 ' l 't ' -8 i. 4 = 535ps I
fc =P / A = 2914lb 8.25 INZ = 353 PSI < F' C ADJUSTED = 535ps 1 OKAY FOR COMPRESSION DCR : 66%
USE A 2×6 MONTANE DINE OF NO . / GRADE
FINAL TRUSS DESIGN
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SECOND FLOOR SLAB DESIGN
LOADING
DL -_ 95 PSF
LL = 40 PSF + is PSF = SSPSF ASSUME RESIDENTIAL UNIT
PARTITIONS
FACTOR LOADS




STRIP WIDTH Wy= 1
'
. 202 PSF = ZOZPLF =
.
ZKLF




( 2.75m ) 9
' ( 2.75 m )
TYPICAL SLAB SECTION
NO SCALE
FIND REQUIRED SLAB THICKNESS ( UN CRACKED ) : UPPER BOUND





EQ . / 9. 2. 2. 1. b E= 57#= 57 3000ps ' = 3122 Ksi MOMENT DIAGRAM OF SLAB
MMID
= SREQ = 12
" ( T2 ) Wu
fr 6 v v v v v
""" "" " " """"
!
""





fr { me , ,
M= . 08 WLZ = -08 1. ZKLF ) - l
'
. / 9 1) 2--1.296 K - FT I' STRIP I' STRIP
t= 611.296K - FT I' STRIP ) ( 12 ' ' / 1 ' )
,
12




" FOR FIRE RATING
F1
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SECOND FLOOR SLAB DESIGN
DEFLECTION CHECK















W= @ SPSFTSSPSF) I
'
= . / SKLF 112 " = -0125K / IN
UNFACTORED
i. 0=5 f. 0125K / IN ) ( 1081 NZ )
"
= - 06 IN .
38413122K Si ) ( 1251N ? / FT )







45" ) - 06 " OKAY FOR DEFLECTION
SHEAR CHECK ASSUME 100% SHEAR RESISTANCE
Vumax = 5 V4 ( TRIBUTARY WIDTH ) = g- f. ZKLF ) / 9
' ) = 1.125 KLF [ UPPER BOUND]
8
① Vc : 102 Ftc bd REARRANGE




•75.2 . 3. OOOPSI ' 12
' '
THICKNESS OF SLAB __ 5
' '
7- dtd = 1.14 " t 1.14 ' ' = 2 -3 ' ' ( LOWER BOUND ) OKAY FOR MIN . THICKNESS
Zd IS USED BECAUSE
TENSION FACE CHANGES
THROUGHOUT THE SLAB
INSTEAD OF 5 ' ' USE 6 ' ' AS PRESCRIBED BY ARCHITECT
USE A 15 cm CONCRETE SLAB [ 6 " SLAB IN IMPERIAL UNITS]
FLEXURAL STEEL REQUIREMENT
MOMENT
[ END SPAN > DISCONTINUOUS END UNRESTRAINED]
Mt=WylnZ = -2 KLF / 9 ' 12 = 1.5K - FT / FT MIDSPAN MOMENT
11 It






-2 KLF ( 9
' 12
= 1. qk - FT/ FT MOMENT AT SUPPORT
q 9
F2
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= MU = 1. 8- FT / FT ( 12
' ' / 1 ' ) = • 21 IN ? / FT
① fyjd • 95 i. 914 Oksi ) 3 "
TRY # 5 @ 12 ' ' O.C.
CHECK MINIMUM REINFORCEMENT REQUIREMENTS
12
' ' / 12 ' ' = ✗ 1.31 INZ i. ✗ = . 311N 'd /FT if =






'd / FT ( 4OKSi ) = -405 "
- 85flcb.GS/3Ksi/ (12 ' ' )
① Mn : Agfy (d- a / 2) I.31 INZ / FT ( 40KSi ) [ 3
"
-1405
' ' / 2) / 12 ' ' = 2.89K - FT / FT 7 1.5K - FT / FT DCR= 51 -1 .
\ OKAY FOR FLEXURAL CAPACITY
USE # 5 @ 30cm O - C . FOR FLEXURAL STEEL REINFORCEMENT [ # 5 @ 12 " O.C. ]
ESTIMATE SHRINKAGE & TEMPERATURE STEEL
Acl 318-19 ASTT = - 0018 Ag = . 0018 ( 6 '
'
. 12 ' ' ) = -1296 INZ / IFT
§ 24.4.3.2





2. S ' ' COVER
/ ① • •A • / • &
+
SPAN
# 4 Stt BARS ✗ ✗
@ 30cm O.C. LAP SPLICE PER
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FLOOR BEAM 1 : EQUAL BAY SPAN













X X X X X x
17.05 ' 17.05 ' 17.05
' 17.05 '
X X X X
34.1 ' ( 10.4m ) 34.1 ' ( 10.4m )
LOADING
UNIT LOAD DL =/ IOPSF
TAKEOFF
LL = 40 PSF + is PSF = SSPSF ASSUME RESIDENTIAL UNIT
PARTITIONS
ASSUME NO LIVE LOAD REDUCTION DUE TO THE 2 :L RATIO BETWEEN DEAD T LIVE LOAD
FACTOR LOADS
IBC 2018 [EQ . 16-2] 1. 2D +1.6L = I -21110 PSF ) +1.6155ps F) = 220 PSF
§ 1605.2
Wy = 1.5 KLF
DISTRIBUTED LOAD - v v v v - r v









[ END SPAN > DISCONTINUOUS END UNRESTRAINED]
Act 318-19 Mt=WylnZ = 1. SKLF / 17.051/2 = 39.64 K - FT MIDSPAN MOMENT
T - 6.5.2 PP. 74 11 11





= 1. SKLF ( 17-051/2 = 48.45K - FT MOMENT AT SUPPORT
T - 6.5.2 PP. 74 9 9
F4
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FLOOR BEAM 1 : EQUAL BAY SPAN
ESTIMATE STEEL REINFORCEMENT
BASED ON PRELIMINARY SIZING , 18
' ' ✗ 10
' '
CONCRETE BEAM
, ASSUME 1 LAYERS OF STEEL
ASSUME COVER -_ 1.5 ' '
Ac , 318-19 Ast = Mu = 39.64 K - FT( 12
" / 1 ' ) = -91 INZ > TRY 3 # 6 REBAR 7=-8-1.
1- ' 20 - S - 1.3.1 ① fyjd .q ( 40kg ;) ( .gg ) ( is .gl,





= 48.45K - FT / 12








① fyjd -9140ns III.9) 115.5 " )
AT SUPPORTS
CALCULATE b. EFF T-SHAPED SECTIONS
Act 318-19 T - SHAPED SECTION
T . 6.3.2.1 PP. 73
bf = MIN but 218nF / = 10
''t 218-6 ") = 106 "
bw + 2 ( Sw / 2) = 10 " t ( 17.05 '-12 ' ' / 1 ' ) / 2=112.3 ' '
but Zfln / 8) = 10 " +2 / 13.11.12 "/ I ' / 18=49.3 " ( GOVERNS
CHECK MOMENT CAPACITY
AT MIDSPAN [ 3 # 6 REBAR AS = 1.321N
? ]
a = Asfy = 1.321N




① Mn : Agfy (d- a / 2) II. 321N
? / 4OKSi ) ( 15.5 " - 2 '' / 2) 12 '' / I
'
= 63.8K- FT > 39.64K- FT DcR= 62-1 .
OKAY FOR FLEXURAL DEMAND
AT SUPPORT [ 3 # 6 REBAR AS = 1.321N ?
q= Asfy = 1.321N




① Mn= Agfy (d- a / 2) II. 321N
? / 4OKSi ) ( 15.5 " - -4
"
/ 2) 12 " / 11=67.3 K - FT 748.45K - FT
☐cR=zzy.
OKAY FOR FLEXURAL DEMAND
F5
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CRITICAL SHEAR VALUE > VUMAX -_ 12 -243K [ ETABS OUTPUT]
Smax =D / 2 = 15.5
"
2=7.75 " USE 6 ' ' O.C. 115cm O.C.
TRY # 3 STIRRUPS ( 2 LEGGED)






1000lb / 1 KIP
6 " -
USE # 3.TIES @ 20cm O.C. FOR CONFINEMENT OF LONGITUDINAL REINFORCEMENT
DEFLECTION CHECK ASSUME SIMPLY SUPPORTED FOR CONSERVATISM
Act 318-19 MINIMUM h= l 16=17.051.12
" / I ' 16=12 " C.4+40,000PSI 100,000) = 9.6 " 18 " OKAY NO NEED


















REINF . u REINF . u
* ¥
° ° of o o
+
3 # 6 BARS 3 # 6 BARS
+
✗ X X X
25 CM 25 CM




✗ 10 " BEAM WITH 3 # 6 BARS TOP AND BOTTOM FOR FLOOR BEAM 1
USE A 45 CM X 25cm WITH 3 # 6 BARS TOP AND BOTTOM FOR FLOOR BEAM 1
W/ # 3 STIRRUPS @ 20cm O -C .
F6
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ALL LOADS + SELF - WEIGHT ARE ACCOUNTED FOR IN ETABS MODEL TO ACCOUNT FOR
MOMENT REDISTRIBUTION , ASSUME NO PATTERN LOADING DUE TO THE SMALL SCALE OF THE STRUCTURE
NO LIVE LOAD REDUCTION ACCOUNTED FOR
IBC 2018 LOAD COMBINATION : 1. ZDT I -6L EQ / 6- 2
§ 1605.2






ASSUME AN 18 ' ' ✗ 12
' ' GIRDER BASED OFF PRELIMINARY SIZING
CRITICAL MOMENTS
-




- 61.99K - FT
-
ESTIMATE FLEXURAL STEEL SIZES
BASED ON PRELIMINARY SIZING , 18
' ' ✗ 12
"
CONCRETE BEAM ASSUME COVER __ 1.5
' '
Act 318-19 Ast = Mu = 66.69 K - FT( 12 " / 1 ' ) = 1.54 / NZ \ TRY 4 # 6 REBAR 7=-9
'
/ .
T . 20.5.1.3 . / As = 1.761N ? > 1.541N
?





= 61.99 K - FT( 12




1- 120 'S - 1.3.1
① fyjg .g ( gong ;) 1.g) ( is .sn )
As =/ '551N 'd > 1.481N'
AT SUPPORT
USE 4 # 6 REBAR
FOR CONTINUITY
As -_ 1.7671.55 ✓
F7
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Act 318-19 bfmin = MIN {
12 ''t 216
" ) (8) = 108 ' '
$6 -3.2.1 124 + ( 153.36 '' / 12=89 ' ' < GOVERNS
12
"
+2 ( 13.12 ' - 1211 + 18.041.1211 + 18.041.1211+12.5
'
' / 2
' 't 14.271-12 '





= Asfy = 1.761N
?
140 Ksi ) = - 311N
<GSflcb.GS (3 Ksi )(99 " )








•GSflcb.GS (3KSi ) / 12 ' ' )
① Mn = ( Asfy ( d- a / 2) = -9 ( 1.761N? 40 Ksi [ 15.5 ' ' -2.3
' '
/ 2] /(12 "/ 1 ' ) = 75.7K - FT > 61.99K - FT ✓
OKAY FOR BENDING
AT SUPPORTS
USE 4 # 6 BARS TOP AND BOTTOM FOR FLEXURAL REINFORCEMENT
F8
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SHEAR 2-2 DIAGRAM : GIRDER LINE K SHEAR DIAGRAM IS ALTERED DUE TO USING MEMBRANE AS





VUMAX = 20.68K [ PULLED FROM ETABS]




USE 6 ' ' O.C. 115cm O.C.
TRY # 3 STIRRUPS ( 2 LEGGED)
① vn = its / ( 2- 3000ps ' Iq " -12 " t 2 LEGGED [ .lt INZ ] 60 Ksi ' 18 "
"
1000lb / 1 KIP
6 " -
① Vn = 47K V4 = 20.68K OKAY FOR SHEAR CAPACITY DCR = 44 't. STIRRUPS NOT NEEDED
CONCRETE SHEAR CAPACITY
COMPARE CAPACITY TO DEMAND TRY # 3 STIRRUPS IS SUFFICIENT
Smax = A / 2=15.5 " / 2=7.75
"
USE # 3.TIES @ 20cm O.C. FOR CONFINEMENT OF LONGITUDINAL REINFORCEMENT
DEFLECTION CHECK ASSUME SIMPLY SUPPORTED FOR CONSERVATISM
Act 318-19 MINIMUM h= l 16=18.041.12" / 1
'





OKAY NO NEED TO CHECK DEFLECTION
fy= 40 Ksi
F9
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REINF . u REINF . u
* ¥
° ° ° of o o
+ +
4 # 6 BARS 4 # 6 BARS
✗ X X X
30 CM 30cm
BEAM SECTION @ MIDSPAN BEAM SECTION @ SUPPORT
NTS NTS
USE 4 # 6 BARS TOP AND BOTTOM FOR A 30cm BY 45cm BEAM W/ # 3 STIRRUPS @ 20cm O.C.
F10
COLUMN DESIGN
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PREPARED BY: EMMA LAMBERT
DATE:



































ALL LOADS T MOMENTS WERE PULLED FROM ETABS FOR THIS DESIGN
SEE BEGINNING CALCULATIONS FOR 3D VIEWS OF ETABS MODEL
ASSUME COLUMN BASES ARE PINNED
BEAM INTERACTION ON GRIDLINE L / 6
GROUND TO SECOND FLOOR COLUMN : SHEAR AND MOMENT DIAGRAM
ETABS OUTPUT
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PREPARED BY: EMMA LAMBERT
DATE:
GRAVITY FRAMING PLAN 5/4/21
REFERENCES CALCULATIONS
GRAVITY DESIGN
COLUMN DESIGN : EXTERIOR COLUMN 1
BEAM INTERACTION ON GRIDLINE L / 6






GIRDER INTERACTION ON GRIDLINE L / 6
GROUND TO SECOND FLOOR COLUMN : SHEAR AND MOMENT DIAGRAM...
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PREPARED BY: EMMA LAMBERT
DATE:
GRAVITY FRAMING PLAN 5/4/21
REFERENCES CALCULATIONS
GRAVITY DESIGN
COLUMN DESIGN : EXTERIOR COLUMN 1
GIRDER INTERACTION ON GRIDLINE L / 6
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PREPARED BY: EMMA LAMBERT
DATE:




COLUMN DESIGN : EXTERIOR COLUMN 1



































GROUND LEVEL + +
""
LEGEND
MB*p%• = AXIAL FORCE
ÑB•oÑ
= IN - PLANE MOMENT GIRDER INTERACTION
BRAGG
= OUT - OF PLANE MOMENT BEAM INTERACTION
C4
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PREPARED BY: EMMA LAMBERT
DATE:
GRAVITY FRAMING PLAN 5/4/21
REFERENCES CALCULATIONS
GRAVITY DESIGN
COLUMN DESIGN : EXTERIOR COLUMN 1
NOW USE SP COLUMN TO DESIGN THE COLUMNS , DESIGN EACH FLOOR INDIVIDUALLY TO ACCOUNT FOR MOMENTS
SP COLUMN INPUT
f- 'c. = 3000 PSI
fy = 40 Ksi
ASSUME A 12
' '
✗ 8 ' ' COLUMN
CLEAR COVER = 1.5 ' '
SEE APPENDIX FOR SP COLUMN OUTPUT USE 4 # 4 LONGITUDINAL BARS
TIE BAR SPACING
Act 318-19 USE # 3 TO ENCLOSE NO. 10 OR SMALLER LONGITUDINAL BARS
§ 25.7.2.2
PP. 499 SMAX ,v TIE EMIN ( 16 DLB = 161.51N ) = 8
" < GOVERNS
48 ds = 481.375 " ) = 18 "
SMALLEST DIM
.
OF COLUMN = 8 ' '
MINIMAL SHEAR DEMAND IN COLUMNS i. AVMIN IS MET
USE # 3 STIRRUPS @ 20 CM O.C.
FINAL SKETCHES
# 3 TIES # 3 TIES







1- 4 # 4 BARS + 4 # 4 BARS
EQUALLY EQUALLY
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PREPARED BY: EMMA LAMBERT
DATE:
GRAVITY FRAMING PLAN 5/4/21
REFERENCES CALCULATIONS
GRAVITY DESIGN




ALLOWABLE BEARING PRESSURE = 5000 PSF





• • • • •
n n n n n
Fb
LOADING ONGRIDLINE 4B FOOTING 4B IS DETERMINED TO BE THE WORST CASE AXIAL LOADING FROMETABS
LOAD COMBINATION 1. 2D +1.6L i. Pu= 75.32K
Dtl ( UNFACTORED ) i. Pu= 57.5K
ESTIMATE FOOTING SIZE WITH UN FACTORED DEAD & LIVE LOAD
py= 57.5K
AREQ = PU BEARING PRESSURE -_ 57.5K SKSF = II. SSF
LENGTH + WIDTH : II. SFTZ = 3.39
'
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PREPARED BY: EMMA LAMBERT
DATE:
GRAVITY FRAMING PLAN 5/4/21
REFERENCES CALCULATIONS
GRAVITY DESIGN
DETERMINE CRITICAL SECTION FOR My
"
C "
Act 318-19 COLUMN OR PEDESTAL > FACE OF COLUMN OR PEDESTAL
T . 13.2.7.1
PP . 195 . :c = 2- ( 5 ' l ' ) = 2 '
C = Lz ( 5
'
- 8






Act 318-19 D= 2.2 (PY AFTG ) ( 2--2.2 , 75.32K 25 FTZ (2.16112 = 8.24 ''
§ 13.3 PP. / 97 USE TOTAL FACTORED LOADING FOR PU
h = dt 4 " = g. 24
"
+ 411=12.24
" 76 " OKAY FOR FOOTING
DETERMINE REINFORCEMENT
As = 0.0018 bh = 0.0018 ( 12.24
' '
. 51.12 ' ' / I ' = 1.32 / NZ
USE 13 # 5 BARS EACH WAY [ As = 4.031N
? ] AS I. 33 INZ / FT USE MORE REINF. FOR FLEXURE
STRENGTH CHECK : 75.32K 25 FTZ = 3.012 GKSF SKSF
CRITICAL SECTION FOR ONE-WAY SHEAR








f- by = 3.0128 KSF
CHECK BEAM SHEAR
Act 318-19 Vy @D= fby C - d = 3.0128 KSF ( 2.16
'
- G.24 " / 12
" )
T - 22.5.5.1
PP. 404 V4 @ D= 4.4K




i. ① Un > Vu 8K > 4.4K OKAY FOR BEAM SHEAR
FD2
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PREPARED BY: EMMA LAMBERT
DATE:
GRAVITY FRAMING PLAN 5/4/21
REFERENCES CALCULATIONS
GRAVITY DESIGN
INTERIOR FOOTING DESIGN :SPREAD FOOTING
CRITICAL SECTION FOR PUNCHING SHEAR
✓75.32K
Nyc : 2.16 '
✗① ✗
×
i :ppr rain a
fbu= 3.0128 KSF ✗ dcoltd ✗
→
f- by = 3.0128 KSF
CHECK PUNCHING SHEAR
Act 318-19 1.BASE : 4 F' C = 4 3000ps / = 219lb
T . 22.6.5.2
PP. 416 2.COLUMN SHAPE :[ ( 21-4 BC ' F' C ]
Bc = 12 " 811=1.5 < 2.0 .
'
.Bc= I
[ ( 21-4 IT 3000ps 1) = 329lb
3. COLUMN LOCATION :( 2 + 0¥ flc = 2+40=21-4018.24 ) 3000ps ,)272.96
= 175.68lb E SMALLEST
THEREFORE SELECT
✗ 5=40 FOR INTERIOR COLUMNS THIS
bo=2[(Lt d) + ( Ltd )]
= 2 [ ( 60 ''t 8.24 "/ +16011+8.24 ")]
= 272.961N
① Vn = . 75 ( 175.68lb ) bod I. 751175.68lb) 272.96 " -8.24
"
= 296K Vu = 75.32K
OKAY FOR PUNCHING SHEAR
CHECK FLEXURE ASSUME I / STRIP
My = -2 ( 3.0128 KSF) -(2.16-2)=7 -027K - FT CRITICAL SECTION FOR BENDING
① Mn = Asfy ( d- a / 2)
CRITICAL





"/ 2) = 96.96K - IN __ qk - FT
µ
SECTION
A -_ -33 INZ / FT ( 40 Ksi ) = . 438' '
-8513 Ksi )( 12 " ) M M M M M M
0mn = 8K - FT > My __ 7.027K -FT OKAY FOR FLEXURE f- by = 3.0128 KSF
USE A 1. Smx 1.5M SPREAD FOOTING FOR ALL COLUMNS W/ 13 # 5 BARS EACH WAY
FD3
LATERAL DESIGN
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PREPARED BY: EMMA LAMBERT
DATE:
CENTER OF MASS AREA SECTIONING
LATERAL FORCE DISTRIBUTION 5/7/2021 LD1
























































PROJECT:  SALVATION ACADEMY SCHOOL FOR






PREPARED BY: EMMA LAMBERT
DATE:
CENTER OF MASS AND CENTER OF RIGIDITY
THE CENTER OF MASS AND RIGIDITIES WERE CALCUALTED TO BE WITHIN 5% OF EACH OTHER IN
ACCORDANCE WITH ASCE 7-16 IN ORDER TO HELP WITH IRREGULARITIES OF THE STRUCUTRE AND
OPTIMIZING SHEAR WALL LOCATION.
LATERAL FORCE DISTRIBUTION 5/7/2021
Item L (ft) W (ft) A (ft
2




) Line xi (ft) yi (ft) Rx Ry Ry*xi Rx*yi
Floor Area 1 14.2 28.6 407 13.68 86.61 5567 35243 SW 1 17 93 0.52 0.00 0 48.92
Floor Area 2 1.0 12.5 12 35.19 80.05 432 982 SW 2 20 34 0.30 0.00 0 10.09
Floor Area 3 36.1 33.5 1208 23.95 60.88 28925 73521 SW 3 50 0 0.44 0.00 0 0
Floor Area 4 4.4 7.2 31 6.48 45.65 204 1438 SW 4 13 9 0 0.80 11 0
Floor Area 5 9.9 13.5 133 6.05 38.44 807 5123 SW 5 28 55 0 0.38 10 0
Floor Area 6 44.2 26.1 1156 42.24 21.42 48812 24757 SW 6 71 22 0 0.16 12 0
Floor Area 7 17.8 13.0 231 78.17 40.42 18079 9349 SW 7 0 41 0 0.25 0 0
Floor Area 8 6.0 3.8 23 69.69 46.54 1606 1073 SW 8 84 40 0 0.39 33 0
SW 1 20.34 0.67 14 17 93 236 1264 SW 9 0 87 0 0.25 0 0
SW 2 14.27 0.67 10 20 34 194 325 Σ 1.26 1.98 65.6 59.01
SW 3 18.04 0.67 12 50 0 598 0
SW 4 27.56 0.67 18 13 9 244 157
SW 5 16.40 0.67 11 28 55 301 606 X (ft) Y (ft) 
SW 6 10.50 0.67 7 71 22 498 156 33 47
SW 7 13.12 0.67 9 0 41 0 356
SW 8 16.86 0.67 11 84 40 946 454
SW 9 13.12 0.67 9 0 87 0 758
Σ 3302 107449 155560
X (ft) Y (ft) 
33 47
CENTER OF MASS CENTER OF RIGIDITY




Center of Rigidity (C.O.R.)
Center of Mass (C.O.M.)
*FOR BLOWN UP VERSION OF THIS TABLE SEE APPENDIX
LD2
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PREPARED BY: EMMA LAMBERT
DATE:
LATERAL FORCE DISTRIBUTION
LATERAL FORCE DISTRIBUTION 5/7/2021
ETABS MODEL WAS CREATED TO SOLVE FOR THE FORCES ON THE RIGID DIAPHRAGM, HOWEVER,
CALCULATED THE ROOF STORY FORCES AND DIAPHRAGM FORCES BY HAND SINCE IT IS A RIGID
DIAPHRAGM. AFTER THESE FORCES WERE CALCULATED THEY THEN WERE APPLIED TO THE ETABS MODEL.
STORY FORCES & DIAPHRAGM FORCES
*DUE TO CONFINED MASONRY NOT BEING AVAILABLE IN ASCE 7-16 NO REDUCTION R, Cd, ETC. SHALL BE
TAKEN THEREFORE, THEY EQUAL 1
CALCULATION OF Cs
Ta=             0.19 
SD1=          0.09
TL=                12
Cs=         0.1395
Csmax=  0.6854
Csmin=   0.0061
Therefore, 
Cs=         0.1395
[ASCE 7-16 Section 12.8.2.1 PP. 102]
[SEAOSC SEISMIC DESIGN MAPS]
[ASCE 7-16 EQ 12.8-2]
[ASCE 7-16 EQ 12.8-3]
[ASCE 7-16 EQ 12.8-5]
Cvx Fx = Cvx*V Fx ΣFx Ax (coeff.) Fp 0.2SDSIwDX 0.4SDSIwDX Cpx Scale Factor Cs SDS Ie k






) Coefficient * W (kips) (kips) Fx/Wx (%g) (kips) (kips) (kips) Fpx/Wx (%g) Fpx/Fx 0.1395 0.093 1.5 1
ROOF 415 415 20.2 8379 0.524 0.0731*W 84.2 84.2 0.2 84 11.6 23.2 0.056 0.275
2ND FLR 737 1152 10.3 7613 0.476 0.0664*W 76.5 160.7 0.1 103 20.6 41.1 0.056 0.537
Σ = 1152 15992 1 0.1395*W 160.7
North/South
*FOR BLOWN UP VERSION OF THIS TABLE SEE APPENDIX
LD3
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PREPARED BY: EMMA LAMBERT
DATE:
ROOF SHEAR WALL FORCES
1' UNIT STRIP METHOD
LATERAL FORCE DISTRIBUTION 5/7/2021
Roof Area PSF Total
Interior Walls (Concrete) 1997 5 9985
Exterior Walls (Concrete 2102 5 10510
Roof Weight 5884 70 411905
Total Weight (kips) 432
Roof (Gridline 1-2) Area PSF Total Roof (Gridline A-B) Area PSF Total
Roof Weight 38 70 2664 Roof Weight 33 70 2343
Exterior Brick Wall 19.7 5 98.4 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 2.8 Total / 1' Strip (kip/ft) 2.4
Roof (Gridline 2-3) Area PSF Total Roof (Gridline B-D) Area PSF Total
Roof Weight 65 70 4547 Roof Weight 39 70 2756
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 4.9 5 24.6
Total / 1' Strip (kip/ft) 4.6 Total / 1' Strip (kip/ft) 2.8
Roof (Gridline 3-4) Area PSF Total Roof (Gridline D-E) Area PSF Total
Roof Weight 99 70 6936 Roof Weight 61 70 4274
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 14.8 5 73.8
Total / 1' Strip (kip/ft) 7.0 Total / 1' Strip (kip/ft) 4.3
Roof (Gridline 4-6) Area PSF Total Roof (Gridline E-F) Area PSF Total
Roof Weight 86 70 6017 Roof Weight 68 70 4779
Exterior Brick Wall 4.9 5 24.6 Exterior Brick Wall 19.7 5 98.4
Total / 1' Strip (kip/ft) 6.0 Total / 1' Strip (kip/ft) 4.9
Roof (Gridline 6-8) Area PSF Total Roof (Gridline F-G) Area PSF Total
Roof Weight 49 70 3413 Roof Weight 90 70 6301
Exterior Brick Wall 4.9 5 24.6 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 3.4 Total / 1' Strip (kip/ft) 6.3
Roof (Gridline 8-9) Area PSF Total Roof (Gridline G-H) Area PSF Total
Roof Weight 55 70 3858 Roof Weight 77 70 5359
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 3.9 Total / 1' Strip (kip/ft) 5.4
Roof (Gridline 9-10) Area PSF Total Roof (Gridline H-L) Area PSF Total
Roof Weight 23 70 1619 Roof Weight 64 70 4455
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 1.7 Total / 1' Strip (kip/ft) 4.5
Parallel Wall on Gridline 1 Area PSF Total Parallel Wall on Gridline A Area PSF Total
Self-Weight (kips) 129.2 5 1 Self-Weight (kips) 135.6 5 1
Parallel Wall on Gridline 9 Area PSF Total Parallel Wall on Gridline 9 Area PSF Total
Self-Weight (kips) 157.4 5 1 Self-Weight (kips) 285.0 5 1
Section Wx Ax Fx Section Wx Ax Fx
KLF %G KLF KLF %G KLF
Roof (Gridline 1-2) 2.8 0.203 0.560 Roof (Gridline A-B) 2.4 0.203 0.485
Roof (Gridline 2-3) 4.6 0.203 0.932 Roof (Gridline B-D) 2.8 0.203 0.564
Roof (Gridline 3-4) 7.0 0.203 1.416 Roof (Gridline D-E) 4.3 0.203 0.881
Roof (Gridline 4-6) 6.0 0.203 1.225 Roof (Gridline E-F) 4.9 0.203 0.989
Roof (Gridline 6-8) 3.4 0.203 0.697 Roof (Gridline F-G) 6.3 0.203 1.287
Roof (Gridline 8-9) 3.9 0.203 0.792 Roof (Gridline G-H) 5.4 0.203 1.097
Roof (Gridline 9-10) 1.7 0.203 0.338 Roof (Gridline H-L) 4.5 0.203 0.913
Section Px Ax Fx Section Px Ax Fx
K %G K K %G K
Parallel Wall on Gridline 1 1 0.203 0.131 Parallel Wall on Gridline A 1 0.203 0.137
Parallel Wall on Gridline 9 1 0.203 0.160 Parallel Wall on Gridline L 1 0.203 0.289
Forces N/S Forces E/W
Distributed Loads Distributed Loads
Point Loads Point Loads
Building Weight
1' Strip Weight N/S 1' Strip Weight E/W
Point Loads from Parallel Walls Point Loads from Parallel Walls
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PREPARED BY: EMMA LAMBERT
DATE:
ETABS MODEL
ETABS MODEL SUMMARY 5/7/2021
MATERIAL/SECTION PROPERTY INPUT:
    WALL INPUT DATA: F'C=700 PSI
    BEAM INPUT DATA: F'C=3000 PSI
    GIRDER INPUT DATA: F'C=3000 PSI
    SLAB INPUT DATA: F'C= 3000 PSI
LOADING INPUT DATA:
    ROOF GRAVITY LOADS ARE APPLIED AS FRAME LOADS TO BEAMS
    FLOOR GRAVITY LOADS ARE APPLIED AS AREA LOADS ON SLAB
    ALL SELF-WEIGHT OF STRUCTURAL MEMBERS ARE ACCOUNTED FOR ACCORDINGLY
    FLEXIBLE DIAPHRAGM LATERAL LOADING IS APPLIED TO COLLECTORS ALONG ROOF
RIGID DIAPHRAGM FLEXIBLE DIAPHRAGM
2ND STORY 1ST STORY
LD5
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ETABS MODEL
ETABS MODEL SUMMARY 5/7/2021
FLEXIBLE DIAPHRAGM ROOF LOADING X-DIRECTION
FLEXIBLE DIAPHRAGM ROOF LOADING Y-DIRECTION
LD6
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PREPARED BY: EMMA LAMBERT
DATE:
ETABS MODEL
ETABS MODEL SUMMARY 5/7/2021
RIGID DIAPHRAGM SEISMIC LOADING INPUT:
RIGID DIAPHRAGM WIND LOADING INPUT:
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PREPARED BY: EMMA LAMBERT
DATE:
ETABS MODEL
ETABS MODEL SUMMARY 5/7/2021
GOVERNING LOAD CASE AND SHEAR WALL WITH THE LARGEST FORCES
Story Pier Output Case P V2 V3 T M2 M3
Story1 P11 Positive X-Earthquake -80.114 63.389 0 0 0 51.4413
Story2 P11 Positive X-Earthquake -18.881 14.447 0 0 0 -24.9924
ETABS Output Governing Loading
LD8
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SHEAR WALL DESIGN 5/18/21
REFERENCES CALCULATIONS
SHEAR WALL ETABS PIER KEY PLAN
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15 CM NORMAL 
WEIGHT CONCRETE 
























































































 TYP. BAY 2 U.N.O.
MINIMUM DIAPHRAGM LAYOUT FROM CONFINED MASONRY WALL LOCATION
5/5/2021LATERAL DESIGN LD12
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SHEAR WALL DESIGN 5118121
REFERENCES CALCULATIONS
SHEAR WALL DESIGN
WORST CASE SHEAR WALL IS PIER 11 ACCORDING TO ETABS
















SHEAR WALL LOADING DIAGRAM: PIER 11
ASSUME COLUMNS TAKE ALL FLEXURE i. CALCULATE TIC COUPLE DUE TO SHEAR WALL
SEISMIC FORCES GOVERN OVER WIND ACCORDING TO ETABS OUTPUT






in G- EMA __ 0
9





C. = 101K ( DOWNWARD )
A
v ra in + TEFy=O
co
§ 101K - 80K - 19K - T = 0
1- = 2K ( UPLIFT )A 1111111111111 / In
+





SINCE ASSUMPTION IS THAT COLUMNS TAKE ALL FLEXURAL CAPACITY , CHECK GRAVITY COLUMNS
FOR UPLIFT + COMPRESSION
LD15
PROJECT: SALVATION ACADEMY SCHOOL FOR
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DATE:
SHEAR WALL DESIGN 5118121
REFERENCES CALCULATIONS
SHEAR WALL DESIGN
SP COLUMN INPUT VALUES FOR COMPRESSION COLUMN
WORST CASE MOMENT APPLIED TO COLUMN DUE TO GRAVITY
Myx = 16.6k- FT
MUY = 3.3K - ft } FROM GRAVITY ANALYG ,g
py= 101K
OUTPUT
4 #4 BARS EQUALLY SPACED
SPCOLUMNINPUTVALUÉSFOR TENSION COLUMN
WORST CASE MOMENT APPLIED TO COLUMN DUE TO GRAVITY
Myx = 16.6k- FT
MUY = 3.3K - ft } FROM GRAVITY ANALYG ,g
Pu = -2K ASSUME NO TENSILE STRENGTH COMES FROM CONCRETE
OUTPUT
4 # 6 BARS EQUALLY SPACED ( THIS BAR SIZE GOVERNS
CHECK AXIAL STRENGTH OF BRICK WALL
NO REINFORCEMENT IN BRICK WALL




H / r = 20.661×12 " 2.3 ' ' = 107 ' ' 799
" 00
T
i. USE pn= . 8 [ -8-1 'M ( An- As)tfy AS]
✗ ✗
Pn : • 81.8.700PSI ( 8 " - 204 " ) ] 1000lb / IKIP 204 ' '
Pn = 731K BRICK WALL CROSS SECTION
①Pn=.9( 731K / = 658K
①Pn> Py = 658K ? 19kt 80K = 99K OKAY FOR AXIAL STRENGTH
CHECK SHEAR STRENGTH OF BRICK WALL
TMS 402 Vn = ( Vnmtvns ) 8g ASSUME 89=1.0 ( FULLY GROUTED WALL)
§ 9.3.4.1.2
ASSUME MY /Vudu = I
PP. C- 138
Vnm =/ (4-1.7511) ] ( 8 " . 17 ' -12 ' ' ) 7- OOPSI + 0-25 ( 99,000lb )) / 1000 = 122K [ EQ 9- 20]
Uns = 0 ( NO REINFORCING STEEL PRESENT )
Vn = ( 122kt 0K ) = 122K
UPPER LIMIT
i. SINCE MY /Vydv? I USE EQ 9-19 FOR SHEAR CAPACITY OF MASONRY
vn < (4 Anu f 'm / 8g = 4 ( 8 ' ' -17 ! 12 ' ') 7- OOPS I 1000lb / lklp = 173K 7122K OKAY FOR UPPER LIMIT
LD16
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⑦ Vn= -81122K ) = -97.6K > Vy = 77.9K OKAY FOR SHEAR CAPACITY




SECTION A OF CONFINED MASONRY WALL
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2ND FLOOR  DIAPHRAGM FORCES
1' UNIT STRIP METHOD
2nd Floor Area PSF Total
Interior Walls (Concrete) 1997 5 9985
Exterior Walls (Concrete 2102 5 10510
Roof Weight 4708 155 729712
Total Weight (kips) 750
Roof (Gridline 1-2) Area PSF Total Roof (Gridline A-B) Area PSF Total
Roof Weight 26 155 4068 Roof Weight 28 155 4272
Exterior Brick Wall 19.7 5 98.4 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 4.2 Total / 1' Strip (kip/ft) 4.3
Roof (Gridline 2-3) Area PSF Total Roof (Gridline B-D) Area PSF Total
Roof Weight 59 155 9154 Roof Weight 33 155 5187
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 4.9 5 24.6
Total / 1' Strip (kip/ft) 9.2 Total / 1' Strip (kip/ft) 5.2
Roof (Gridline 3-4) Area PSF Total Roof (Gridline D-F) Area PSF Total
Roof Weight 93 155 14442 Roof Weight 56 155 8752
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 14.8 5 73.8
Total / 1' Strip (kip/ft) 14.5 Total / 1' Strip (kip/ft) 8.8
Roof (Gridline 4-6) Area PSF Total Roof (Gridline F-G) Area PSF Total
Roof Weight 80 155 12408 Roof Weight 84 155 13039
Exterior Brick Wall 4.9 5 24.6 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 12.4 Total / 1' Strip (kip/ft) 13.1
Roof (Gridline 6-8) Area PSF Total Roof (Gridline G-L) Area PSF Total
Roof Weight 43 155 6641 Roof Weight 58 155 8976
Exterior Brick Wall 4.9 5 24.6 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 6.7 Total / 1' Strip (kip/ft) 9.0
Roof (Gridline 8-9) Area PSF Total
Roof Weight 49 155 7572
Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 7.6
Roof (Gridline 9-10) Area PSF Total
Roof Weight 17 155 2614
Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 2.7
Section Wx Ax Fx Section Wx Ax Fx
KLF %G KLF KLF %G KLF
Roof (Gridline 1-2) 4.2 0.537 2.239 Roof (Gridline A-B) 4.3 0.537 2.322
Roof (Gridline 2-3) 9.2 0.537 4.945 Roof (Gridline B-D) 5.2 0.537 2.800
Roof (Gridline 3-4) 14.5 0.537 7.787 Roof (Gridline D-F) 8.8 0.537 4.742
Roof (Gridline 4-6) 12.4 0.537 6.681 Roof (Gridline F-G) 13.1 0.537 7.033
Roof (Gridline 6-8) 6.7 0.537 3.582 Roof (Gridline G-L) 9.0 0.537 4.849
Roof (Gridline 8-9) 7.6 0.537 4.095
Roof (Gridline 9-10) 2.7 0.537 1.431
Distributed Loads Distributed Loads
Building Weight
2nd Floor 1' Strip Weight N/S 2nd Floor 1' Strip Weight E/W
2nd Floor Forces N/S 2nd Floor Forces E/W
LD18
PROJECT:  SALVATION ACADEMY SCHOOL FOR












1' UNIT STRIP METHOD
Roof Area PSF Total
Interior Walls (Concrete) 1997 5 9985
Exterior Walls (Concrete 2102 5 10510
Roof Weight 5884 70 411905
Total Weight (kips) 432
Roof (Gridline 1-2) Area PSF Total Roof (Gridline A-B) Area PSF Total
Roof Weight 38 70 2664 Roof Weight 33 70 2343
Exterior Brick Wall 19.7 5 98.4 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 2.8 Total / 1' Strip (kip/ft) 2.4
Roof (Gridline 2-3) Area PSF Total Roof (Gridline B-D) Area PSF Total
Roof Weight 65 70 4547 Roof Weight 39 70 2756
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 4.9 5 24.6
Total / 1' Strip (kip/ft) 4.6 Total / 1' Strip (kip/ft) 2.8
Roof (Gridline 3-4) Area PSF Total Roof (Gridline D-E) Area PSF Total
Roof Weight 99 70 6936 Roof Weight 61 70 4274
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 14.8 5 73.8
Total / 1' Strip (kip/ft) 7.0 Total / 1' Strip (kip/ft) 4.3
Roof (Gridline 4-6) Area PSF Total Roof (Gridline E-F) Area PSF Total
Roof Weight 86 70 6017 Roof Weight 68 70 4779
Exterior Brick Wall 4.9 5 24.6 Exterior Brick Wall 19.7 5 98.4
Total / 1' Strip (kip/ft) 6.0 Total / 1' Strip (kip/ft) 4.9
Roof (Gridline 6-8) Area PSF Total Roof (Gridline F-G) Area PSF Total
Roof Weight 49 70 3413 Roof Weight 90 70 6301
Exterior Brick Wall 4.9 5 24.6 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 3.4 Total / 1' Strip (kip/ft) 6.3
Roof (Gridline 8-9) Area PSF Total Roof (Gridline G-H) Area PSF Total
Roof Weight 55 70 3858 Roof Weight 77 70 5359
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 3.9 Total / 1' Strip (kip/ft) 5.4
Roof (Gridline 9-10) Area PSF Total Roof (Gridline H-L) Area PSF Total
Roof Weight 23 70 1619 Roof Weight 64 70 4455
Exterior Brick Wall 9.8 5 49.2 Exterior Brick Wall 9.8 5 49.2
Total / 1' Strip (kip/ft) 1.7 Total / 1' Strip (kip/ft) 4.5
Section Wx Ax Fx Section Wx Ax Fx
KLF %G KLF KLF %G KLF
Roof (Gridline 1-2) 2.8 0.275 0.760 Roof (Gridline A-B) 2.4 0.275 0.658
Roof (Gridline 2-3) 4.6 0.275 1.265 Roof (Gridline B-D) 2.8 0.275 0.765
Roof (Gridline 3-4) 7.0 0.275 1.922 Roof (Gridline D-E) 4.3 0.275 1.197
Roof (Gridline 4-6) 6.0 0.275 1.663 Roof (Gridline E-F) 4.9 0.275 1.342
Roof (Gridline 6-8) 3.4 0.275 0.946 Roof (Gridline F-G) 6.3 0.275 1.748
Roof (Gridline 8-9) 3.9 0.275 1.075 Roof (Gridline G-H) 5.4 0.275 1.488
Roof (Gridline 9-10) 1.7 0.275 0.459 Roof (Gridline H-L) 4.5 0.275 1.240
Distributed Loads Distributed Loads
Building Weight
Roof 1' Strip Weight N/S Roof 1' Strip Weight E/W
Roof Forces N/S Roof Forces E/W
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1' UNIT WEIGHT STRIP METHOD EAST/WEST DIRECTION DIAPHRAGM FORCES: 2ND FLOOR
5/5/2021
2.3 KLF2.8 KLF
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24.4 K 38.2 K 24.9 K
3 K
1' UNIT WEIGHT STRIP METHOD NORTH/SOUTH DIRECTION DIAPHRAGM FORCES: ROOF
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DIAPHRAGM AND COLLECTOR FORCES 5/18/21
REFERENCES CALCULATIONS
DIAPHRAGM DESIGN









vvvvvvvvvvvvvvvvvv v v v vtdddd UNIT SHEAR CALCULATIONS
"' "' "' "' "" V= V / DEPTH OF DIAPHRAGM
A ^ n n n
27.4K 93.9K 127.1K 117.6K 9.2K IGNORE OPENINGS
X X X x x x x x x
7-2' 6.1 ' 14.3 ' 6.61 6.6






























V7 = 117.6K / 48.8 ' = 2.4 KLF
V3 V8 = 9.2K 16.91=-54 KLF
••
Vs
UNIT ¥ • -4 GOVERNING UNIT SHEAR FOR COLLECTOR
SHEAR •
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DIAPHRAGM AND COLLECTOR FORCES 5/18/21
REFERENCES CALCULATIONS
DIAPHRAGM DESIGN










vvvvvvvvvvvvvvvvvv v v v vtdddd UNIT SHEAR CALCULATIONS
"' "' "' "' "" V= V / DEPTH OF DIAPHRAGM
A ^ n n n
7. 4k 24.4K 38.2K 24.9K 3K IGNORE OPENINGS
X X X x x x x x x
7-2' 6.1 ' 14.3 ' 6.61 6.6
















8-8 Vg = 19.2 K 801 I. 23 KLF
•
20 •





V7 = 24.9 K / 48.8 ' = . 51 KLF
V3 V8 = 3 K 16.9 ' = . 18 KLF
••
Vs
UNIT ¥ • -4 GOVERNING UNIT SHEAR FOR COLLECTOR
SHEAR •
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DIAPHRAGM AND COLLECTOR FORCES 5/18/21
REFERENCES CALCULATIONS
DIAPHRAGM DESIGN






2.8K LF 2. 3. KLF
u v v v veux v v I v v UNIT SHEAR CALCULATIONS
'" '" "" V= V / DEPTH OF DIAPHRAGM
^ ^ ^
82.6K 164.6K 125.3K IGNORE OPENINGS
X X X K X X
34.13 ' 8.72161 31.21 13.12 ' V1 __ 82.6K 57.5 ' = 1.4 KLF
•
92.6 qz Vz= 82.6K 84.121=-98 KLF
•
SHEAR o•2O-7
-03=164.6 K /84.121=2 KLFV(KIPS)
• 7.7







UNIT GOVERNING UNIT SHEAR FOR COLLECTOR
SHEAR
\
\VCKLF) VGOV. = 4. SKLF•
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DIAPHRAGM AND COLLECTOR FORCES 5/18/21
REFERENCES CALCULATIONS









u v v v * vv¥ v v I v v UNIT SHEAR CALCULATIONS
'" '" "" V= V / DEPTH OF DIAPHRAGM
^ ^ ^
21.7K 43.8K 1.61 33K IGNORE OPENINGS






31.2 ' 13.12 ' V1 = 21.7K 57.5 ' = . 38 KLF
•
21 -7K 22.6 Vz= 21.2K 84.121=-25 KLF
•
SHEAR a•7-4
















UNIT \ GOVERNING UNIT SHEAR FOR COLLECTOR
SHEAR
VCKLF)
• \ VGOV. = 1.2 KLF
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DIAPHRAGM AND COLLECTOR DESIGN 5/18/21
REFERENCES CALCULATIONS
DIAPHRAGM DESIGN / COLLECTOR DESIGN
DESIGN FOR THE WORST CASE COLLECTOR THEREFORE DESIGN COLLECTOR ON GRIDLINE A
IN EAST / WEST DIRECTION
> > > > > 0=4.5 KLF
[ VALUE FROM
2ND FLOOR SHEAR]( EAST / WEST
< < < < < V= 125.3K 20.31=6.17 KLF
1- VALUE FROM 7
X X X X 2ND FLOOR SHEAR)
7. 2 ' 6
' 14.3







Act 318-19 V4 OF DIAPHRAGMS SHALL NOT EXCEED
§ / 8.12.9.1
ASSUME 7- ' STRIP OFSLAB
PP-341
B" " { "
= "" ° " f " + " f " = "
"
" °
" Z " " " "" " " + " " """""D
[THICKNESS]OF SLAB RATIO OF SLAB÷::÷:÷÷:|
Vn = 19,407 PLF = 19.4 KLF
§ 18.12.9.2 Vn= 8 ' F' C ACY = 8 3000051 ✗ 12 ' ' . 6 " = 31548 PLF =3 1. SKLF
PP. 341
i. USE 19.4 KLF
① V n = . 6119.4 KLF ) = 11.64 KLF Vu= 4. SKLF OKAY FOR DIAPHRAGM SHEAR
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DIAPHRAGM AND COLLECTOR DESIGN 5/18/21
REFERENCES CALCULATIONS
DIAPHRAGM DESIGN / COLLECTOR DESIGN
CHECK AXIAL FORCE WITH WORST CASE MOMENT FROM GRAVITY DESIGN
SP COLUMN INPUT VALUE
TRY 8 " X 18 " BEAM
f1C= 3000 PSI
fy = 40,000ps I
Py= 32.4K [ PULLED FROM AXIAL FORCE DIAGRAM]
Muix = 66.69K - FT [ PULLED FROM SLAD GRAVITY FRAMING OF FLOOR GIRDER 1]
SP COLUMN OUTPUT
AN 8%18 " COLLECTOR W/ 6 # 6 SIDES DIFFERENT EQUAL SPACING
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SEESEAOSC SEISMIC DESIGN CATEGORY :C
HAZARD TOOL
ON PP .
. : ACCORDING TO ASCE 7- 16
,
SINCE SDC = C
ASCE 7- 16
§ 12.3.4.1
pp. 98 ✗ = REDUNDANCY FACTOR = 1
ASCE 7- 16 HORIZONTAL STRUCTURAL IRREGULARITIES ALL CHECKS MADE FOR RIGID DIAPHRAGM ON 2ND FLOOR
T . 12.3 - I
PP. 95 19 . TORSIONAL IRREGULARITY












UTILIZE E- TABS MODEL
ASSUME 100K AT C - O - M . SINCE DISPLACEMENTS ARE RELATIVE
NIS DIRECTION
ETABS FORCE IN Y - DIRECTION DISPLACEMENT OUTPUT SUMMARY
✗AVG = ( ✗ it ✗ 2) = (-0027671--00194)
nXz= -001940
2 2
A ✗ AVG = . 0023535 ( MISDIRECTION )
✗ AVG
× , < > ? 1.2
✗ AVG .





i. NO TORSIONAL IRREGULARITY
^
100K
( APPLIED LOAD )
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19 . TORSIONAL IRREGULARITY CONTINUED
ETABS FORCE IN X - DIRECTION DISPLACEMENT OUTPUT SUMMARY
✗ AVG = ( x > + ✗ a) = • 0037261--003931
2 2
>
✗3=-003726 ✗ AVG = . 0038285
# C > ? 1.2
✗ AVG










1B . EXTREME TORSIONAL IRREGULARITY
SEE 1A FOR CALCULATION
2. REENTRANT CORNER IRREGULARITY




C.151--13.971<37.2 ' Ii DOES NOT PASS
+
12=84.12 ' C. 151--12.621<27.7
'
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3. DIAPHRAGM DISCONTINUITY IRREGULARITY
OPENINGS IN THE DIAPHRAGM ACCOUNT FOR LESS THAN 50% OF THE GROSS FLOOR AREA
i. NO DIAPHRAGM DISCONTINUITY OCCURS
4. OUT- OF - PLANE OFFSET IRREGULARITY
ALL VERTICAL WALL ELEMENTS (SHEAR WALLS ) ARE CONTINUOUS THROUGH BUILDING
HEIGHT i. NO OUT- OF - PLANE OFFSET OCCURS
5. NONPARALLEL SYSTEM IRREGULARITY
THE DIAPHRAGM AND VERTICAL LATERAL FORCE RESISTING ELEMENTS ARE
ORTHOGONAL
i. NO NONPARALLEL SYSTEM IRREGULARITY




97 / A. STIFFNESS - SOFT STORY IRREGULARITY
AS SEEN IN THE CENTER OF RIGIDITY / CENTER OF MASS CALCULATIONS ALL THICKNESSES
ARE THE SAME AND FLOOR TO FLOOR HEIGHTS ARE LESS THAN SI . DIFFERENT
.
: NO SOFT STORY IRREGULARITIES
ID . STIFFNESS - EXTREME SOFT STORY IRREGULARITY
SEE 19 .
2. WEIGHT ( MASS ) IRREGULARITY
ROOF WEIGHT = 415K
2ND - FLOOR WEIGHT -_ 737K
NO FLOOR WEIGHT IS 150% OF AN ADJACENT FLOOR
i. NO WEIGHT IRREGULARITY IS PRESENT
3. VERTICAL GEOMETRIC IRREGULARITY
SHEAR WALLS ARE CONTINUOUS THROUGH BUILDING HEIGHT
i. NO VERTICAL GEOMETRY IRREGULARITY
PROJECT: SALVATION ACADEMY SCHOOL FOR












4- IN - PLANE DISCONTINUITY IN VERTICAL LATERAL FORCE - RESISTING ELEMENT IRREGULARITY
SHEAR WALLS ARE CONTINUOUS THROUGH BUILDING HEIGHT
. : NO IN - PLANE DISCONTINUITY OCCURS
59 . DISCONTINUITY IN LATERAL STRENGTH - WEAK STORY IRREGULARITY
SHEAR WALLS HAVE THE SAME FLEXURAL REINFORCEMENT AND STRENGTH
- : NO WEAK STORY IRREGULARITY OCCURS
5b . DISCONTINUITY IN LATERAL EXTREME STRENGTH - WEAK STORY IRREGULARITY
SEE 59 .





NIS DIRECTION : 28.74 M OF SHEAR WALL
EIW DIRECTION : 16 -05M OF SHEAR WALL
HEIGHT : WIDTH 3.15m
1.85M = 1.7 > 1
1. 85/16.0511001=11-1 . ( 331 . NO EXTRA REDUNDANCY REQ .
→
CONNECTION DESIGN
PROJECT: SALVATION ACADEMY SCHOOL FOR











DEVELOPMENT LENGTH FOR BARS IN TENSION
Acl 318 - 19 # 3 BAR [ D= FY Yt YE 49 dB = 40,000ps , / 1. 3) ( 1.0 ) ( I ' O ) dB = 37.975dB = 37-9751.375 " 1=14.24 " = 36cm
§ 25.4.2.3
zg A fig 25 (1) . 3000
PSI





# 5 BAR ( D= 37.97-51.625
"
) : 23.73 ' ' = 60cm





Acl 318 -19 DEVELOPMENT LENGTH OF HOOKED BARS IN TENSION
§ 25.4.3 ( ☐ n= fy Ye Yr Yo Ye gplls , 40,000 PSI ( I - I
- I - 6- ' 8) dpt 's = 16.99dB' 's
55 R fig 55 (1) 3000ps I
# 3 BAR LDH = 16.99 C. 375)
" 's
= 13.96
' ' = 35cm


















Act 318 - 19 DEVELOPMENT LENGTH OF BARS IN COMPRESSION
§ 25.4.9 LDC = GREATER
{
fy Yr dB = 401000 PSI . 1.0 dB = 14.6dB
50N F'c 50.1.0 3000 PSI
• 0003 fy Yrdrg = -0003.401000ps 1. 1.0dB = 12dB
\ 0 "
# 3 BAR LDC = G
"
= 20cm
# 4 BAR LDC = 8
"
= 20cm
# 5 BAR LDC = 911 = 23cm
# 6 BAR LDC = 11 " : 30cm
TENSILE LAP SPLICE LENGTH
Act 318-19 LST = 1.3 Ld
§ 25.5
# 3 BAR LST = I -3 114.24 ' ' ) = 18 - 512
"
= 47cm
# 4 BAR LST = 1.3 (18.987-511)=24.7 " = 65cm
# 5 BAR LST = 1. 3 123.73 " ) = 30.85
"
: 80cm
# 6 BAR LST = 1. 3128.5 " ) : 37.05 '' = 94cm
CD1
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3.2. Section Figure 
Rectangular 8 x 12 in 0.83% reinf.
Figure 1: Column section
4. Reinforcement 
4.1. Bar Set: ASTM A615 
Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2
#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
#14 1.69 2.25 #18 2.26 4.00
4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties
Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65
4.3. Arrangement 
Pattern All sides equal
Bar layout Rectangular
Cover to Transverse bars




APPENDIX: SP COLUMN OUTPUT
WORST CASE RESIDENTIAL COLUMN
GROUND TO SECOND FLOOR
GRAVITY SECTION
STRUCTUREPOINT - spColumn v7.00 Page | 5
Licensed to: Cal Poly University. License ID: 72909-1073244-4-2356E-XXXXX 5/12/2021
c:\users\emmal\onedrive\documents\school\senior project\sp column files\column1groundtosecond.col 10:44 AM
Total steel area, As 0.80 in2
Rho 0.83 %
Minimum clear spacing 3.25 in
(Note: Rho < 1.0%)
5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.
No. Demand Capacity Parameters at Capacity Capacity
Pu Mux Muy ɸPn ɸMnx ɸMny NA Depth εt ɸ Ratio
kip k-ft k-ft kip k-ft k-ft in
1 39.55 16.61 3.34 39.55 23.76 4.78 4.90 0.00403 0.871 0.70
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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6.2. PM at θ=11 [deg] 
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6.3. PM at θ=90 [deg] 
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6.4. MM at P=0 [kip] 
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6.5. MM at P=40 [kip] 
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6.6. PM+ at θ=11 [deg] [User] 
APPENDIX: SP COLUMN OUTPUT
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3.2. Section Figure 
Rectangular 8 x 12 in 0.83% reinf.
Figure 1: Column section
4. Reinforcement 
4.1. Bar Set: ASTM A615 
Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2
#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
#14 1.69 2.25 #18 2.26 4.00
4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties
Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65
4.3. Arrangement 
Pattern All sides equal
Bar layout Rectangular
Cover to Transverse bars
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Total steel area, As 0.80 in2
Rho 0.83 %
Minimum clear spacing 3.25 in
(Note: Rho < 1.0%)
5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.
No. Demand Capacity Parameters at Capacity Capacity
Pu Mux Muy ɸPn ɸMnx ɸMny NA Depth εt ɸ Ratio
kip k-ft k-ft kip k-ft k-ft in
1 8.79 2.38 1.95 8.79 10.45 8.59 3.24 0.00516 0.900 0.23
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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6.2. PM at θ=39 [deg] 
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6.3. PM at θ=90 [deg] 
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6.4. MM at P=0 [kip] 
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6.5. MM at P=9 [kip] 
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6.6. PM+ at θ=40 [deg] [User] 
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5/10/2021 U.S. Seismic Design Maps
https://seismicmaps.org 1/2
SLAD
Latitude, Longitude: 30.059128, -89.962061
Date 5/10/2021, 2:23:02 PM
Design Code Reference Document ASCE7-16
Risk Category IV
Site Class D - Default (See Section 11.4.3)
Type Value Description
SS 0.087 MCER ground motion. (for 0.2 second period)
S1 0.054 MCER ground motion. (for 1.0s period)
SMS 0.139 Site-modified spectral acceleration value
SM1 0.13 Site-modified spectral acceleration value
SDS 0.093 Numeric seismic design value at 0.2 second SA
SD1 0.087 Numeric seismic design value at 1.0 second SA
Type Value Description
SDC C Seismic design category
Fa 1.6 Site amplification factor at 0.2 second
Fv 2.4 Site amplification factor at 1.0 second
PGA 0.042 MCEG peak ground acceleration
FPGA 1.6 Site amplification factor at PGA
PGAM 0.068 Site modified peak ground acceleration
TL 12 Long-period transition period in seconds
SsRT 0.087 Probabilistic risk-targeted ground motion. (0.2 second)
SsUH 0.092 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration
SsD 1.5 Factored deterministic acceleration value. (0.2 second)
S1RT 0.054 Probabilistic risk-targeted ground motion. (1.0 second)
S1UH 0.061 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.
S1D 0.6 Factored deterministic acceleration value. (1.0 second)
PGAd 0.5 Factored deterministic acceleration value. (Peak Ground Acceleration)
CRS 0.949 Mapped value of the risk coefficient at short periods
CR1 0.883 Mapped value of the risk coefficient at a period of 1 s
APPENDIX: SEISMIC DESIGN PARAMETERS LATERAL SECTION
APPENDIX: CENTER OF MASS AND RIGIDITY LATERAL SECTION
Item L (ft) W (ft) A (ft
2




) Line xi (ft) yi (ft) Rx Ry Ry*xi Rx*yi
Floor Area 1 14.2 28.6 407 13.68 86.61 5567 35243 SW 1 17 93 0.52 0.00 0 48.92
Floor Area 2 1.0 12.5 12 35.19 80.05 432 982 SW 2 20 34 0.30 0.00 0 10.09
Floor Area 3 36.1 33.5 1208 23.95 60.88 28925 73521 SW 3 50 0 0.44 0.00 0 0
Floor Area 4 4.4 7.2 31 6.48 45.65 204 1438 SW 4 13 9 0 0.80 11 0
Floor Area 5 9.9 13.5 133 6.05 38.44 807 5123 SW 5 28 55 0 0.38 10 0
Floor Area 6 44.2 26.1 1156 42.24 21.42 48812 24757 SW 6 71 22 0 0.16 12 0
Floor Area 7 17.8 13.0 231 78.17 40.42 18079 9349 SW 7 0 41 0 0.25 0 0
Floor Area 8 6.0 3.8 23 69.69 46.54 1606 1073 SW 8 84 40 0 0.39 33 0
SW 1 20.34 0.67 14 17 93 236 1264 SW 9 0 87 0 0.25 0 0
SW 2 14.27 0.67 10 20 34 194 325 Σ 1.26 1.98 65.6 59.01
SW 3 18.04 0.67 12 50 0 598 0
SW 4 27.56 0.67 18 13 9 244 157
SW 5 16.40 0.67 11 28 55 301 606 X (ft) Y (ft) 
SW 6 10.50 0.67 7 71 22 498 156 33 47
SW 7 13.12 0.67 9 0 41 0 356
SW 8 16.86 0.67 11 84 40 946 454
SW 9 13.12 0.67 9 0 87 0 758
Σ 3302 107449 155560
X (ft) Y (ft) 
33 47
CENTER OF MASS CENTER OF RIGIDITY




Center of Rigidity (C.O.R.)
Center of Mass (C.O.M.)
APPENDIX: STORY AND DIAPHRAGM FORCES LATERAL SECTION
STORY FORCES & DIAPHRAGM FORCES
*Due to confined masonry not being available in ASCE 7-16 no reductions through R, Cd, etc. shall be taken, therefore, they equal 1
Calculation of Cs
Ta = 0.19 [ASCE 7-16 Section 12.8.2.1 PP.102]
SD1= 0.09 [SEAOSC Seismic Design Maps]
TL= 12.00 [SEAOSC Seismic Design Maps]
Cs= 0.1395 [ASCE 7-16 EQ 12.8-2]
Csmax= 0.6854 [ASCE 7-16 EQ 12.8-3]
Csmin= 0.0061 [ASCE 7-16 EQ 12.8-5]
Therefore,
Cs= 0.1395
Cvx Fx = Cvx*V Fx ΣFx Ax (coeff.) Fp 0.2SDSIwDX 0.4SDSIwDX Cpx Scale Factor Cs SDS Ie k






) Coefficient * W (kips) (kips) Fx/Wx (%g) (kips) (kips) (kips) Fpx/Wx (%g) Fpx/Fx 0.1395 0.093 1.5 1
ROOF 415 415 20.2 8379 0.524 0.0731*W 84.2 84.2 0.2 84 11.6 23.2 0.056 0.275
2ND FLR 737 1152 10.3 7613 0.476 0.0664*W 76.5 160.7 0.1 103 20.6 41.1 0.056 0.537
Σ = 1152 15992 1 0.1395*W 160.7
North/South
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3.2. Section Figure 
Rectangular 8 x 12 in 0.83% reinf.
Figure 1: Column section
4. Reinforcement 
4.1. Bar Set: ASTM A615 
Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2
#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
#14 1.69 2.25 #18 2.26 4.00
4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties
Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65
4.3. Arrangement 
Pattern All sides equal
Bar layout Rectangular
Cover to Transverse bars
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Total steel area, As 0.80 in2
Rho 0.83 %
Minimum clear spacing 3.25 in
(Note: Rho < 1.0%)
5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.
No. Demand Capacity Parameters at Capacity Capacity
Pu Mux Muy ɸPn ɸMnx ɸMny NA Depth εt ɸ Ratio
kip k-ft k-ft kip k-ft k-ft in
1 101.00 16.61 3.34 101.00 21.70 4.37 9.49 0.00062 0.650 0.77
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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6.2. PM at θ=11 [deg] 
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6.3. PM at θ=90 [deg] 
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6.4. MM at P=0 [kip] 
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6.5. MM at P=101 [kip] 
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6.6. PM+ at θ=11 [deg] [User] 
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Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied 
as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to 
the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error free the program is 
not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, 
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with 
the use of the spColumn program. Licensed to: Cal Poly University. License ID: 72909-1073244-4-2356E-XXXXX
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3.2. Section Figure 
Rectangular 8 x 12 in 1.83% reinf.
Figure 1: Column section
4. Reinforcement 
4.1. Bar Set: ASTM A615 
Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2
#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
#14 1.69 2.25 #18 2.26 4.00
4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties
Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65
4.3. Arrangement 
Pattern All sides equal
Bar layout Rectangular
Cover to Transverse bars
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Total steel area, As 1.76 in2
Rho 1.83 %
Minimum clear spacing 2.75 in
5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.
No. Demand Capacity Parameters at Capacity Capacity
Pu Mux Muy ɸPn ɸMnx ɸMny NA Depth εt ɸ Ratio
kip k-ft k-ft kip k-ft k-ft in
1 -2.00 16.61 3.34 -2.00 22.28 4.48 3.45 0.00667 0.900 0.75
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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6.2. PM at θ=11 [deg] 
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6.3. PM at θ=90 [deg] 
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6.4. MM at P=-2 [kip] 
APPENDIX: SP COLUMN OUTPUT
WORST CASE SHEAR WALL COLUMN TENSION
FLEXURE DOMINATED
LATERAL SECTION
STRUCTUREPOINT - spColumn v7.00 Page | 10
Licensed to: Cal Poly University. License ID: 72909-1073244-4-2356E-XXXXX 5/20/2021
C:\Users\emmal\OneDrive\Documents\School\Senior Project\SP Column...\Column1LateralCheckTension.col 8:17 AM
6.5. MM at P=0 [kip] 
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6.6. PM+ at θ=11 [deg] [User] 
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Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied 
as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to 
the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error free the program is 
not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, 
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with 
the use of the spColumn program. Licensed to: Cal Poly University. License ID: 72909-1073244-4-2356E-XXXXX
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Column Ext Col 1
Engineer ECL
Code ACI 318-19
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Moment capacity
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3.2. Section Figure 
Rectangular 8 x 18 in 1.83% reinf.
Figure 1: Column section
4. Reinforcement 
4.1. Bar Set: ASTM A615 
Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2
#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
#14 1.69 2.25 #18 2.26 4.00
4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties
Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
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Total steel area, As 2.64 in2
Rho 1.83 %
Minimum clear spacing 2.75 in
4.4. Bars Provided 
Bars Clear cover
in
Top 2 #6 1.5
Bottom 2 #6 1.5
Left 1 #6 1.5
Right 1 #6 1.5
5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.
No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in
1 32.40 66.69 32.40 74.18 4.24 0.00815 0.900 0.90
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6. Diagrams 
6.1. PM at θ=0 [deg] 
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15 CM NORMAL 
WEIGHT CONCRETE 
SLAB W/ #5 @ 30 CM 
O.C.





























1. SEE FOOTING SCHEDULE ON SHEET 
S.7
2. ALL COLUMNS (C1) ARE 20 CM X 30 
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15 CM NORMAL 
WEIGHT CONCRETE 
























































































 TYP. BAY 2 U.N.O.
1. ALL JOISTS (J1) ARE 25 CM X 45 CM 
UNLESS NOTED OTHERWISE
2. ALL GIRDERS (G1) ARE 30 CM X 45 
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1. ALL JOISTS (J1) ARE 25 CM X 45 CM 
UNLESS NOTED OTHERWISE
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TRUSS NAME L WEB SIZED CHORD SIZE
13.06 M 3.05 M 15 CM X 15 CM 5 CM X 15 CM
TRUSS 1
13.06 M 2.56 M 15 CM X 15 CM 5 CM X 15 CM
13.06 M 14.4 M 15 CM X 15 CM 5 CM X 15 CM
4.81 M 1.07 M
15 CM X 15 CM 5 CM X 15 CM
13.06 M 2.09 M 15 CM X 15 CM 5 CM X 15 CM
TRUSS 2
13.06 M 1.65 M 15 CM X 15 CM 5 CM X 15 CM
13.06 M 1.2 M 15 CM X 15 CM 5 CM X 15 CM
13.06 M .01 M 15 CM X 15 CM 5 CM X 15 CM
10.4 M 2.02 M
15 CM X 15 CM 5 CM X 15 CM
TRUSS 3
10.4 M 1.1 M
15 CM X 15 CM 5 CM X 15 CM
10.4 M .63 M
15 CM X 15 CM 5 CM X 15 CM
13.06 M .84 M
15 CM X 15 CM 5 CM X 15 CM
4.81 M .71 M
15 CM X 15 CM 5 CM X 15 CM
6.61 M .73 M
15 CM X 15 CM 5 CM X 15 CM
4 M .99 M
15 CM X 15 CM 5 CM X 15 CM
4 M .57 M
15 CM X 15 CM 5 CM X 15 CM
4 M .85 M
15 CM X 15 CM 5 CM X 15 CM
TRUSS 4 2.8 M 1.2 M 15 CM X 15 CM 5 CM X 15 CM
10.2 M 2.2 M
15 CM X 15 CM 5 CM X 15 CM
10.2 M 1.3 M
15 CM X 15 CM 5 CM X 15 CM
6.2 M 3.1 M
15 CM X 15 CM 5 CM X 15 CM
5 M .89 M
15 CM X 15 CM 5 CM X 15 CM
5.35 M .85 M
15 CM X 15 CM 5 CM X 15 CM
5.35 M 1.3 M















NAILS AND WOOD PER 
CONSTRUCTABILITY







TRUSS MEMBER PER 
SCHEDULE
BOND BEAM PER 
SHEET S.5
ANCHOR BOLT TYP. 
EQUALLY SPACED
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TRUSS 5 - Callout 1
15 CM CONCRETE 












15 CM CONCRETE 
















15 CM CONCRETE 












15 CM CONCRETE 




















#5 BARS @ 30 CM O.C.
#5 @ 30 CM O.C.
SPAN







SCHEDULE SPLICE PER 
SCHEDULE
(3) #6 BARS 
TYP U.N.O.
(3) #6 BARS 
TYP U.N.O.




LENGTH PER PLAN LENGTH PER PLAN LENGTH PER PLAN
#3 STIRRUPS 
@ 20 CM O.C.
#3 STIRRUPS 
@ 20 CM O.C.
#3 STIRRUPS 
@ 20 CM O.C.






















DEVELOPMENT LENGTH PER 
SCHEDULE TYP.




SCHEDULE SPLICE PER 
SCHEDULE
(3) #4 BARS 
TYP U.N.O.
(3) #4 BARS 
TYP U.N.O.




LENGTH PER PLAN LENGTH PER PLAN LENGTH PER PLAN
#3 STIRRUPS 
@ 20 CM O.C.
#3 STIRRUPS 
@ 20 CM O.C.
#3 STIRRUPS 
@ 20 CM O.C.






















DEVELOPMENT LENGTH PER 
SCHEDULE TYP.
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JOIST SECTION AT MIDSPAN
1 : 10
2






TYPICAL JOIST FLOOR ELEVATION
1 : 50
5
TYPICAL JOIST ROOF ELEVATION
ROOF
15 CM CONCRETE 














15 CM CONCRETE 














15 CM CONCRETE 














15 CM CONCRETE 















15 CM CONCRETE 













15 CM CONCRETE 















15 CM CONCRETE 













15 CM CONCRETE 
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1. USE THE EMBEDMENT AND LAP 
SPLICE LENGTHS SHOWN IN SCHEDULE 
MULTIPLIED BY ALL APPLICABLE 
FACTORS AS DEFINED IN NOTES 
BELOW, U.N.O. ON DRAWINGS.
2. MULTIPLY THE Lsp AND Ld LENGTHS 
BY 1.3 FOR TOP BARS WHICH ARE 
DEFINED AS HORIZONTAL BARS WITH 
12" OR MORE CONCRETE CAST BELOW 
THEM.
3. WHEN BARS OF DIFFERENT SIZES 
ARE LAPPED, Lsp SHALL BE 
DETERMINED BY THE SMALLER BAR.






BEAM & COLUMN BARS: INTERIOR FACES
EXPOSED TO EARTH
SLAB BARS
WALL BARS: INTERIOR FACES
EXPOSED TO EARTH
FOOTING AND GRADE 
BEAM BARS:
GRADE BEAM
EXPOSED TO EARTH 
FROM BOT & SIDES
FROM TOP
SLAB-ON-GRADE FROM TOP





1-1/2" (#5 OR SMALLER)






AT BOTTOM EACH WAY
SEE SCHEDULE
COLUMN PER PLAN
SPREAD FOOTING PER 
PLAN SEE SCHEDULE
FOOTING 














TYP. SLAB-ON- GRADE 
OVER VAPOR BARRIER 
OVER 5 CM SAND OVER 


























THESE DRAWINGS ARE INSTRUMENTS OF SERVICE
AND ARE THE PROPERTY OF JOURNEYMAN
INTERNATIONAL. THE DESIGN AND INFORMATION
REPRESENTED ON THESE DRAWINGS ARE
EXCLUSIVELY FOR THE PROJECT INDICATD AND SHALL
NOT BE TRANSFERRED OR OTHERWISE REPRODUCED
WITHOUT EXPRESS WRITTEN PERMISION OF





DRAWINGS TO BE REVIEWED BY IN-
COUNTRY ARCHITECT AND ENGINEER




























(3) TIES AT EACH 
BEAM, TYP
COLUMN DOWEL TO
MATCH SIZE AND SPACING 
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SALVATION ACADEMY FOR 
DISADVANTAGED 
CHILDREN
C A L I F O R N I A  P O L Y T E C H N I C  S T A T E  
U N I V E R S I T Y,  S A N  L U I S  O B I S P O
J O U R N E Y M A N  I N T E R N A T I O N A L
P R E S E N T E D  B Y : E M M A  L A M B E R T
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FLEXIBLE ROOF DIAPHRAGM 
TRUSS CONFIGURATION
10LATERAL ANALYSIS








RIGID DIAPHRAGM FLEXIBLE DIAPHRAGM
2ND FLOOR PLAN ROOF PLAN
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